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ABSTRACT

Dynamic positioning of a moving platform is analyzed using data from the
Global Positioning System (GPS) acquired in Phase II of the Seafloor Benchmark
Experiment on R'V Point Sur in August 1986. GPS position determinations are
compared to simultaneous Mini-Ranger fixes.

The GPS positions computed using only broadcast ephemeris data were within
20 m from the Mini-Ranger fixes when data from four satellites were used and within
30 m when data from three satellites and a geoidal height constraint were used. It was
found that the position accuracy is degraded when data from a satellite reaching
culmination is used.
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THESIS DISCLAIMER

The reader is cautioned that computer programs developed in this research may
not have been tested for all cases of interest. While every effort has been made, within
the time available, to ensure that the programs are free of computational and logical
errors, they cannot be considered validated. Any application of these programs

without additional verification is at the risk of the user.
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I. INTRODUCTION

The Seafloor Benchmark Experiment, a project of the Hydrographic Sciences
Group of the Oceanography Department at the Naval Postgraduate School (NPS), was
initiated in 1984 with a goal to establish stations on the seafloor in real-time with
geodetic accuracy (Saxena, 1982). The first experiment (Phase I), conducted in May
1985, included a configuration of four benchmarks on the seafloor (Spielvogel et al.,
1987). Further study indicated a sizeable improvement in the positional accuracy of the
inner stations as compared to the accuracy of the outer stations of a larger net
configuration (Kumar and Saxena, 1985). For this reason, during the Phase II
experiment in August 1986, a nine-station net configuration was used (Kumar, 1986).
Tiree types of GPS receivers and a Mini-Ranger (MR) Falcon system were used to
determine the position of the RV Point Sur.

Keeping the goal of establishing and continuing GPS research at NPS, Brown
(1986) established the Texas Instruments 4100 GEOSTAR GPS software, written by
the Naval Surface Weapons Center for their CDC Cyber 865 computer, on the \PS
IBM-3033 computer. Brown was able to validate the modified software using static
position data, but not the KALMN2 program which uses dynamic position data.

The main objective of this thesis is to determine the positions of a dynamic
platform using GPS and to compare them with MR Falcon-determined positions.
Other objectives were to install software for processing the raw data from cassettes to
FIC (Floating-Integer-Character) format, modify the KALMN?2 program and validate
it using Phase II data. Programs to plot and analyze the continuous ship positions by
GPS and by MR Falcon were also written.

The data used in this thesis were acquired during Phase Il of the Experiment.
The GPS data are limited to those collected by the TI-4100 receiver from NSWC
installed on board of the R/V Point Sur. The day chosen for analysis was 16 August
1986, since adequate pitch and roll data are available for that day.
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II. INSTRUMENTATION

- A. POSITIONING SYSTEMS
1. GPS receivers
. During the experiment, the following GPS receivers belonging to several
agencies and companies were installed on the R/V Point Sur:
- T1-4100 receiver from Naval Surface Weapons Centers (NSWC)
- T1-4100 receiver from National Ocean Survey (NOS)
- Eagle Mini-Ranger receiver from Motorola, Inc.
- Trimble 4000A from Trimble Navigation
There were shore based GPS receivers at the following stations:
Beach Lab
- TI-4100 from Pacific Missile Test Center (PMTC)
- Trimble 4000A from Trimble Navigation
Ferrier
- Eagle Mini-Ranger from Motorola Inc.
Dome

- Magnavox Manpack from GPS Joint Program Office.

2. Other positioning System
For navigation and positioning on board were a MR Falcon system from
Motorola, Inc., and a Loran-C recetver.

B. OTHER SYSTEMS

An acoustic positioning system from Oceano Instruments to acquire acoustic
ranges {Kuo,1985) was installed on the R/V Point Sur; it also gives the position of the
ship in relation to the bottom benchmarks (acoustic transponders) and can be
integrated with a satellite receiver for computation of their positions using the GPS
coordinates of the ship’s acoustic transducer.

[n order to allow for corrections due to the pitch and roll of the ship, there was a
- data acquisition system, based on an HP9826 computer, to collect pitch, roll and
‘ heading data every second. Due to interfacing problems there was no possibility of
logging heading data. The ship’s Data Acquisition System (SDAS) collected, among
« other data, the ship’s heading with a sampling period of about 19 s,
|
|

|
!
2
)
!
l

11

TASAS - ".).\'J “h" 'd.‘..""



C. ANTENNAS AND TRANSDUCER POSITIONS

The antenna &f the MR Falcon was mounted on the mast of the ship in order to
increase its range. The antenna of the TI-4100 from NOS was installed close to the
MR Falcon antenna. All the other GPS antennas were mounted on an elevated
wooden table above the ship’s laboratories and close to the transducer position (Figure
2.1).

MR Falcon antenna

Platform with GPS antennas

Acoustic transducer

Not to scale

Figure 2.1 Relative positions of antennas and transducer.
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II1. DATA PROCESSING

- A. COORDINATE SYSTEM
1. Parameters

In order to compare the positional accuracies of the TI-4100 GPS receiver
with the Mini-Ranger (MR) Falcon, computations were made in a single coordinate
system.

Although there was a Doppler survey to find the WGS 72 coordinates of all
control stations used, due to the impossibility of setting a station over Dome Ecc, the
site for one of the MR Falcon shore stations, the WGS 72 coordinates of nearby
station Dome, 68 m away, were obtained. During the Phase Il experiment, GPS
piovided coordinates in the WGS 72 system (Bomford, 1980, Sepplin, 1974), although
it converted to WGS 84 on 1 January 1987 (Decker, 1986).

The coordinates of Dome were computed in NAD 27 and then transferred to
Dome Ecc. The coordinates of Dome Ecc were converted from NAD 27 to WGS 72 in
order to compute directly the ship positions in this system, avoiding the problem of
converting each position individually.

The subroutines used for converting geodetic coordinates from WGS 72 to
Universal Transverse Mercator (UTM) and vice-versa wer written in Fortran and are
based on Basic subroutines used by DMA for an HP9826 desktop computer. A cross
check was made which revealed a maximum conversion error of 0.0l m, which is well
within the accuracy limits of the system and, hence, does not affect the analysis of the
data processed.

The following parameters were used:

WGS72
Semi major axis : 6,378,135 m
Flattening : 1:298.26

UTM projection
Central meridian: 123° 00" 00" W
If this package of subroutines is used for any location other than the area of the
- Seafloor Benchmark Phase II. the UTM parameters must be changed in order to get
the correct conversions.

13
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Figure 3.1 Area of the experiment.

2. Coordinates of stations

The two shore stations were located on high points along the coast (Figure
3.1). Their locations and coordinates in WGS 72 are as follows:
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Ferrier
Latitude . 36° 33" 53".748 N
Longitude 121° 53' 52".939 W
Dome Ecc
. Latitude 36° 18" 207.897 N
Longitude 121° 54" 00”.594 W
The elevations of the different antennas were set in the Mini-Ranger receiver and the

measured slant distances were converted
to appropriate horizontal distances by the receiver system during data acquisition.

B. REDUCTIONS OF POSITIONS TO THE TRANSDUCER
1. Offsets of transducer relative to antennas

Since the two antennas, namely the MR Falcon antenna near the top of the
mast and the TI-4100 antenna on the elevated table above the lab on the R'V Point
Sur, were at different locations, a common point had to be chosen to compare both
svstems. The acoustic transducer mounted beneath the hull was chosen as a common
point, which was used for [urther integration with the acoustic data, to compute the
position of the Seafloor Benchmarks.

For data reduction there was a need for pitch, roll and ship's heading data.
While the existing pitch and roll data were sampled with a period of 1 s, the ship’s

- heading was sampled with a period of about 19 s. Computed headings were tried to
improve the rate but tests indicated that the real data, even with a low sampling rate
was better than the computed. The method used to compute the heading is described in
Section C.3.

The geometric offsets between the MR Falcon, TI-4100 antenna and the
acoustic underwater transducer were computed using a right-handed coordinate system
centered in each antenna, and having the Y axis oriented towards the bow, the X axis
to starboard and the Z axis towards the zenith. Using this convention, all offsets of
the transducer are negative. Using the formulas developed in the next section, the
corrections for pitch, roll and heading data were computed and applied.

For the MR Falcon positions only horizontal corrections were applied, since
the positions are computed in a two-dimensional system. For the GPS positions the
corrections were applied to all three coordinates.

—
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For both types of positions the coordinates are converted to UTM, corrected
and converted back to WGS 72. For the GPS positions the Z correction is applied to
the geoidal height.

The following offsets were measured and computed by Prof. Tucker and Mr
James Cherry, and changed to the above format.

Transducer offsets relative to the GPS antenna :

XOFF = -4268 m
YOFF = -2955 m
ZOFF = -9.505 m
Transducer offsets relative to the MR FALCON antenna :
XOFF = .5345 m
YOFF = .9453 m
ZOFF = -16.152 m

The course was computed in a range 0° to 360°, and the pitch and roll data
were stored in a range -90° to + 90°; following this convention the roll is positive when
the port is up and the pitch positive when the bow is down. The sign of roll was
changed to conform with the mathematical model described next.

2. Math model
The method to compute the correction to the coordinates is based on a seven-
parameter transformation described in Moffitt and Mikhail (1980), so successive

rotations of the vector defined by XOFF, YOFF and ZOFF, give the corrections to the
coordinates illustrated in Figure 3.2.

The rotation matrices are defined as follows:

Mp = 1 0 0 ’
0 cos(PITCH) sin(PITCH;
0 -sin(PITCH) cos(PITCH)
M, = cos(ROLL) 0 -sin(ROLL) |
0 1 0 |
sin{ROLL) 0 cos(ROLL) !

16
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Figure 3.2 Rotation of axis.
My = cos(HEADING) sin{ HEADING) 0
sin{HEADING) cos(HEADING) 0
0 0
The orientation matrix is defined by the following equation:
M, = MP M, Mh (eqn 3.1)

and the corrections are computed by multiplying the orientation matrix by the offset
vector, to get the following equations:

DX = XOFF cos{(ROLL) cos(HEADING) + (eqn 3.2)
YOFF {cos(PITCH) sin(HEADING) +
sin(PITCH) sin(ROLL) cos(tHEADING)} +
ZOFF {sin(PITCH) sin(HEADING) -
cos(PITCH]) sin(ROLL) cos(HIEADING)}

. avsme & EW N 8 VIR P LA
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DY = XOFF cos(ROLL) sin(HEADING) (-1.) + (eqn 3.3)
YOFF {€os(PITCH) cos(tHEADING) -
sin(PITCH) sin(ROLL) sin(fHEADING)} +
ZOFF (sin(PITCH) costHEADING) +
cos(PITCH) sin(ROLL) sin(HEADING)}

DZ = XOFF sin(ROLL) - (eqn 3.4)
YOFF sin(PITCH) cos(ROLL) +
ZOFF cos(PITCH) cos(ROLL)

C. FALCON MINI-RANGER DATA PROCESSING
1. Error of system
The MR Falcon was used during the cruise for navigation and positioning. In
post-processing it is used to evaluate GPS data. Since the Mini-Ranger is a system

frequently tested and used, its error is known to be + 3 m (Laurila, 1976. Munson,
1977).

It would be betier to have had more than two lines of position (LOP) to allow
a minimization of the error in the computation of the Mini-Ranger position and also
to allow a smoothing of the data in places where the data gets noisy as was seen in
post processing. In Figure 3.3 it is possible to see the areas where the data is noisy and
to see the small jumps characteristic of the system.

2. Antenna positions

For computing the antenna positions the coordinates of the shore stations
were converted to WGS 72 UTM, and then each position was computed in the WGS
72 UTM projection. The subroutine used to compute the positions was picked from
program UCOMPS, a utility package used in the Hvdrographic Sciences Group of the
Oceanography Department.

3. Heading Calculation
As mentioned previously, the ship’s heading was needed to compute the
transducer’s position, but there was no data available with the 1-s periodicity needed.

so headings were calculated from Mini-Ranger data. The calculation of the ship’s
headings was made during the computation of the two antenna positions and kept on a
separate file. These ccmputed headings were affected by the pitch and roll of the ship
and also by the noisy data of the Mini-Ranger.

18
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Figure 3.3 Plot of ship’s track using MR Falcon data.
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Some trials were made using different running averages for smoothing the
computed heading in order to get a course close to reality. It was found that the
courses obtained, even if filtered by a running average, oscillated and hence were not
suitable for this analysis.

4. Transducer positions
The transducer positions were computed using the model described in
Section B. The pitch and roll data used were sampled with a periodicity of 1 s most of
the time when there was positioning data. The ship’s heading was sampled with a
periodicity of from 19 s to | minute. Although tests were made in order to compute the
heading, as stated in the previous section it was decided to use recorded data,
constraining the analysis to periods of constant course.
S. Programs. Inputs and outputs
During the development of the programs many more routines were written
than mentioned here. In order to make the use of the programs easy, the total number
of proorams to process the MR Falcon data was reduced to four.
A unique format for the different position files was defined, allowing only one
plotting program in which the user must change the title according to the type of
positions plotted.

Program: FALCON
Input: Month, day, year, hour, minutes, seconds (date time tag),
codel, rangel, strengthl, codel, range2, strength2
Output: Listing with date time tag and geographic positions
File with date time tag and geographic positions
File with date time tag and rough course
Source: See Appendix A

Program: COURSE SMOOTH

Input: File with date time tag and rough course

Output: File with date time tag and smooth course
Listing with date time tag and smooth course

Source: See Appendix B
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Program: TRANSDUC FALCON
Input: cFile date time tag and geographic positions of antenna
Output: “File with date time tag and geographic positions of transducer
Optional listing with date time tag and geographic positions
. of transducer
Source: See Appendix C

Program: PLOT

Input: File with date time tag and geographic positions
Output: Plot with track of the ship in UTM projection
Source: See Appendix D

All files are in free format, and, if for by any reason a fixed format is needed, the user
should change the programs to get the output desired. The MR Falcon data were
originally on floppy disks in HP9816 format. A program was written in Basic in order
to convert and write the data onto a 9-track magnetic tape. The transfer of data to
mass storage on the NPS IBM mainframe computer and data manipulation were made
using existing procedures for the mainframe (Favorite, 1986; Mar, 1984).

The scale and the area of the plot are fixed for the particular area of the
Benchmark Experiment but may be changed in the program; thus any proportional size

can be obtained by changing the control card as is explained in the manual (W.R.
Church Computer Center, 1981).

As the plot program can be used for plotting the outputs of different
programs, the title should be changed accordingly, leaving the appropriate lines
uncommented. An hour-minute tag is plotted every 5 minutes.

D. GPS DATA PROCESSING
1. Reading the TI-4100 cassettes
a. System configuration

The data from the TI-4100 receiver is recorded on digital cassettes in a
format not directly compatible with the existing programs at NPS. To read and decode
the data, it was necessary to purchase a MEMTEC cassette terminal (Model 5450XL)
and obtain the appropriate software from the Applied Research Laboratories (ARL) of
the University of Texas at Austin. The MEMTEC cassette reader was connected to an
IBM PC having a hard disk of 20 Mb { Megabytes), a modem and a math co-processor.
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Preliminary tests made to verify the software and hardware connections of
the tape deck witl _the IBM PC indicated good results. During the tests it was found
that the format of the final output of this package was not the same as defined
previously by Scott and Peters (1983) but was in a new format, FIC, where each block
is organized in a structured way with control records followed in order by all floating
type data, integer type data and character type data. The first program, CON9TR, a
part of the library installed by Brown (1986) in the SEF (Standard Exchange Format),
was replaced by a new program using the FIC format.

b. Reading cassettes to disk
Each cassette is dumped to disk using the program MFERD. The operation
takes about 20 minutes, and the file created fits on one floppy disk which can be kept
for raw data backup.

c. Converting the data

The binary image of the cassette is then converted to a FIC format file
using the program GS2FIC, which takes about 20 minutes. This format is suitable for
processing in the IBM-PC with appropriate software to be developed.

In order to transfer these files to the main frame or other computer, it is
necessary to run a program FICFICA that converts the FIC files to an ASCII, format
where the data is organized in 80-column records. This operation takes about 30
minutes. and the file created by this program can be dumped to a magnetic tape or
sent to a host computer.

The files created by these two programs cannot be stored on a normal
floppy disk and were erased as soon as the data was on the mass storage of the
mainframe and tested.

d. Transfer to the mainframe

The transfer of the files to the mainframe was done using a micro-computer
connected via modem to the main frame. A terminal emulator distributed by the \PS
Ccmputer Center, SIMPC, simplifies the transfer of files (Simware Inc, 1984).

Each file, corresponding to one cassette, was sent to a disk. This operation
took about 3.5 hours, and sometimes the transfer was stopped in the middle. When this

happened the transfer had to be started from the beginning.
Each file has around 15000 lines and occupies about 65% of an A-disk.
Using an extra disk every file was converted to a job format in order to transfer it to
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mass storage. The data were sent to a member of a partition data set where all
cassettes were stoged.

2. Conversion of formats

After a study of the FIC format, the input of KALMN?2 program, and the
. program CONO9TR, a program was written called CVFICA, which had, after some
debuging and improvements, a final form that fulfilled the needs for processing the
data for this thesis.

CVFICA decodes each FICA block, producing two files and a listing of
warnings and general information. One file contains the data to be processed by the
KALMN?2 program and the other has the positions computed by the GESAR software
installed in the receiver.

In the present version of the program the pseudo-ranges and other tracking
information are stored only after the navigational data for the desired number of
satellites is in the output file, since this data is needed to compute the positions in the
Navigational Mode. It is very easy to change this program to process the data using
the precise ephemeris. The program flags as bad the data that belong to a Space
Vehicle (SV) whose data does not correspond to the existing SV identification in that
tracer. The data are also flagged as bad when the status vector has any value other
than zero.

The program is able to convert the following data block types:

101 - GESAR Versions 1.0+ Input data,
3 - GESAR solutions,
6 - Tracking data,

8 - Tracking configuration,
109 - Navigation Message record as transmited, g
9 - De-blocked subframes 1-3 from block 109 s
11 - Receiver error block, :
. o
13 - Tape header;trailor. 2
e
According to the CVFICA program any other block is read and dumped to -
the listing with a warning saying that the program was not able to handle it. No such '.}:
warning was found after using the program with data from 10 cassettes. g
The listing also indicates when the navigational data for each satellite is t{:
received in order to give to the user the status of the constellation of satellites. ‘:3
“
N
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As this program outputs the GESAR position solutions and the data to the
KALMN2 program into data set files, these must be created prior to running the
program.

A control file is used to pass to the program information such as two lines for
the title of the listing and the starting date of the GPS week. The starting date allows
the conversion of the time tag in seconds to a date time tag. The program does not
work with data that crosses the one-week limit.

3. Program information

Program: CVFICA

Input: FICA files without the first two comment lines
Control file with the title and starting date of GPS week

(Appendix J)

Output: File with GESAR solutions
File in NSWC format (input to KALMN program)
Listing with warnings and general information

Source: See Appendix E

4. Computation of positions
a. Problems found

When starting to use the Kalman filter program (Brown, 1986) for
processing the GPS data some difficulties were encountered, either due to the
replacement of the CON9TR program by an equivalent one or by errors existing in the
program KALMN2. The first problems were caused by the different units used in the
ARL and NSWC software which were a consequence of the lack of documentation
during the development of the program CVFICA, these problems were easily found
and solved. The last problems took a long time to find, not only due to the complexity
of the program, but also due to the nonexistence of processed data to check the results.
A big effort was made in order to correct all errors, but only when two cassettes were
sent to NSWC and processed there were all errors removed from the processing. It was
found that the last two major errors were due to causes external to the KALMN2
program, one an error in the ARL software that affected the ambient temperature by a
factor of 10 and caused an excessive tropospheric correction and the other a bad
constant in the control file of the KALMN2 program.
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b. Changes made

In addition to the corrections, some changes were made to improve the
outputs. Now the }rogram prints a date time tag just prior to all outputs labeled with
time tag in seconds of GPS week. A title is printed as a header of the output listing.

. Other small changes were made to improve the code. All changes were made carefully,
and the programs were throughly tested.
. ¢. Data processing
After inserting data from ten TI-4100 cassettes into the mass storage, a
control file for the KALMN2 program was made (Brown, 1986). For an initial
approximate position, the position of the receiver based on the GESAR solutions with
| the time tag closest to the starting time was used for the data processing. For the
receiver time bias, an iterative procedure was used; thus, the data were processed using
a value, starting with zero, that was replaced by one listed in the outputs of the
KALMN?2 program when the computed positions were close to the predicted ones.

Due to the good initial results of the test runs with certain satellite
configurations, further tests were investigated for the different types of solutions.

The value of -37 m was used as geoidal height in order to constrain the
positions to the geoid when using data from less than four satellites or when forced by
the control file. This value was obtained by interpolation on a chart (Blaha et al., 1986)
and corrected for the antenna height above sea level, giving a corrected value of -31 m.
The control file was set up in such a way as to save the positions on another file. The
broadcast ephemeris was used, as the precise ephemeris was not available when the
data were processed.

d. Math model

To compute position, the program uses the pseudo-ranges corrected for the

various factors affecting them and an eight-state Kalman filter (Brown, 1986).
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e. Program information
Program: “KALMN2

Input:

Output:

and applied.

Program:
Input:

Output:

Source:

File in NSWC format produced by the program CVFICA
Control file as defined by Brown (1986)(Appendix I)
Control file with the title and starting date of GPS week
Listing with positions, errors and other intormation

as selected by the control file
File with time tag in seconds of GPS week, X, Y, Z

and Lat, Lon, HT, both in WGS 72

and the number of satellites used in the solution
Optional file with time tag

and Geometric Dilution of Precision (GDOP) every minute

5. Transducer positions.
a. Procedure
The positions of the transducer were computed using an algorithm similar
to the one used with the MR Falcon data. The only difference is that the GPS
positions are three-dimensional, so the corrections for all dimensions were computed

The offsets between the transducer and the antenna and also the format of
the input files were different. The program uses the same control file as the program
CVFICA in order to compute the date time tag of each position.

b. Program information

TRANSDUC GPS

File with time tag in seconds and WGS 72 coordinates
Control file with the title and starting date of GPS week

File with date, time tag, latitude, longitude and ellipsoid height
Optional listing with above information

See Appendix F
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6. Plots
It is possible to plot the track of the ship using either the GESAR solutions or

the transducer positions as described before in Section C.5. Track plotting was done in
order to give the GPS data coverage and data status. The program to plot is the same
one used to plot the positions computed from the MR Falcon data but with the
appropriate title (Figure 3.4).
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Figure 3.4 Plot of ship’s track using TI-4100 data.
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IV. DATA ANALYSIS

- A. COMPUTATION OF DIFFERENCES
1. Approach
. To find the accuracy of the GPS positions in a two-dimensional coordinate
system, the observed positions in WGS 72 coordinates are transformed to UTM
coordinates and compared with the UTM coordinates of the corresponding MR Falcon
positions interpolated for the same time tag. The differences in the coordinates of
Mini-Ranger and GPS positions are expressed in meters.
Due to the low sampling rate of the existing course data, only data from
steady, straight courses were used for analvsis. The data were divided into eleven
periods of constant headings, while the data collected during the turns of the ship were
deleted. This procedure made it possible to analyze the differences between GPS and
Mini-Ranger data during the different courses.

Due to unexpected smal! differences found for positions computed using data
from three satellites, several tests were made using various combinations of solutions.
Although for data analysis many combinations were studied, three representative cases
are discussed.

Different starting times during processing of the GPS data using the
KALMN?2 program were used in order to see the effects of the propagation of errors
due to the initial noisy data, but the discrepancies were inconsistent. The term “noisy
data” is used to refer to the oscillatory behavior resulting from the Kalman filzer when
the number of satellites changes from three to four or vice versa. The etfect of ship’s

P‘

5

motion on the transfer of antenna positions to two chosen common points, i.e. the
acoustic transducer and the GPS antenna, was found to be 0.2 m, which falls within
the accuracy limits of GPS and hence is considered negligible for this study.
2. Case studies
The following cases were analyzed:

RIRIRY P N

R

Case A : Data from four satellites were used or data from only three available

. satellites and geoidal height constraint for position computation were
L used.
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Case B: Same as case A but using the geoidal height constraint when both
three or four satellites were used.
Case C: Same as B but not using data from SVI1.

3. Differences obtained
a. Period 1. 19:14 to 19:20 (Cases A and B)

TABLE 1

PERIOD 1, CASES A AND B. |
DIFFERENCES BETWEEN GPS AND MINI-RANGER POSITIONS

Rangesc‘n) M

A ax

pos Svs A B A B
179  6,8.11 26 26 2432 24-32
80  6.8.9,11 2d 30 21-31 29-31

1 6811 27 30 32727 30-30 *

1 689.11 34 42 3433 42-32 *

1 6811 34 42 34-34 4247 *
23 6.89.11 27 31 2529  30-33

1 6311 23 31 28-28 3131 *
74 6.8.9.11 23 30 20-30  28-32

* noisy data

four satellites with geoidal hei%ht constraint
Case B - geoidal height constraint in case

Case A - using four satellites, or ,'
0 |
|

pos - number of consecutive positions computed every second

During the first part of this period, all positions were computed using data
from three satellites. In both cases (Table 1) the differences found are in the same
range, 24 to 32 m. For the next 80 positions, computed using data from four satellites,
Case A lead to values lower than in Case B. The upper limit of the ranges in cases. 31
m, is due to the initial oscillation from the Kalman filter.

The next part of the period is one of noisy data, 1.e. changes from four
satellites to three and vice-versa. In both cases the positional accuracy is degraded,
giving larger differences between GPS and Mini-Ranger positions.

At the end of the period, with continuous data from four satellites and with

the exception of one position, the differences are low, reaching 20 m in Case A and 28
m in Case B. .o
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It was found that the use of geoidal height as a constraint for position
computations with data from four satellites degrades the computed position. The
’ reason for this is explained in Section 4.B. Noisy data causes oscillations in the
observed differences which are due to the Kalman filter.

TABLE 2

' SATELLITE VISIBILITY
16 AUGUST 1986

. SVs8 SV9 Svil sv13
. Time El Az El Az El Az El Az E Az

19:00 59 2 31 §5 24 315 ST 156 - -
19:20 63 21 434 44 32 321 67 147 6 198
19:40 66 45 36 38 39 328 75 124 15 200
20:00 66 72 28 34 48 335 77 78 24 203
20:20 62 96 19 33 57 342 71 74 33 208 J
20:40 56 115 11 34 67 35 62 36 43 214

The offset of the GPS positions in relation to the MR Falcon positions is
in a southeasterly direction (Figure 4.1 on page 40). Also the ship’s course is close to
the azimuth of SV9 (Table 2), which must be the reason for the successive tracking
losses. The GPS antenna is in the shadow of the ship’s mast when the satellite is low.

b. Period 2. 19:20 to 19:25 (Cases A and B)
All positions were computed using data from four satellites. There is a nine-

second interruption of data in the beginning of the period corresponding to the time
needed to change tapes in the receiver during logging.

In Case A the differences range from 17 to 26 m (Table 3). The maximum
value was found in the first position after the lack of data. Most of the differences are
around 19 m. In Case B the differences range from 23 to 38 m. The minimum value is
found after the gap in data. Most of the differences are around 29 m. Visual
comparison is possible by referring to Figures 4.2 and 4.3. As before the offset of the
GPS positions is in the southeasterly direction.
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- TABLE 3

|
|
PERIOD 2, CASES A AN\D B. ’
DIFFERENCES BETWEEN GPS AND MINI-RANGER POSITIONS

Ranges(m) |

Avg ne .('ﬁx)rMax [

pos SVs A B A B ‘

| 295 6,8,9,11 19 29 17-26 23-38 f

Case A - using four satellites, or ) .
four satellites with geoidal hel‘ght constraint
Case B - geoidal height constraint in Case

pos - number of consecutive positions computed every second l
|

c. Period 3. 19:25 to 19:30 ( Cases A and B)

TABLE 4
PERIOD 3, CASES A AND B.
DIFFERENCES BETWEEN GPS AND MINI-RANGER POSITIONS ; ’
|
Range
Avg & sg'imir)l-.\'lax
pos Svs A B A B
152 689,11 18 30 17-19 29.31
1 6811 1S 32 18-18 32-3) ¢
1 689,11 13 23 13-13 38-28 *
9 6811 30 31 17-37 28-33 * !
118 6,5,9 11 % 33 2337 32-36
11 681 36 36 31-49 135.37 *
! J 689,11 39 37 36-43 37.38 *
: 3 681 37 38 37.37 38.38 *+
* noisy data

Case A - usingufour satellites, or . ) .
three satellites with geoidal height constraint
Case B - geoidal height constraint in Case A

oy N "

pos - number of consecutive positions computed everv second

This period is characterized by having noise in different parts of the data
and shows great variation in the differences. In Case A, at the beginning of the period
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the average differences are 18 m, after the first period of noisy data they reach values

of 26 m, and at the end of the period the differences are up to 46 m. In Case B at the

begining of the period the average differences are 30 m. This values changes to 33 m

after the noisy data, and at end of the period the differences are up to 38 m. It is

. possible to distinguish the oscillation in the positions due to noisy data, much more

emphasised in Case A than in Case B (Figures 4.4 and 4.5). The offset of the GPS
positions is as before in the southeasterly direction.

The successive periods lacking data from one satellite are as before due to

SV9, which is still in an azimuth close to the ship’s course. The fact that use of geoidal

height as a constraint with data from four satellites for computation of positions does

not improve the solution is evident in Table 4.

d. Period 4. 19:30 to 19:35 (Cases A and B)

TABLE 5

PERIOD 4, CASES A AND B.
DIFFERENCES BETWEEN GPS AND MINI-RANGER POSITIONS

Range
g[:.{dmir)l-Ma.

v X

pos SVs A gB B
7 6811 38 38 3840  38-39 |
40 689,11 31 35 29-40  34-39 p
7 6811 4] 38 3243 3739 ¢+ ,
6.8.9,11 8 37 3838 3737 ¢+ i
6,8.11 3§ 38 3838 3838 * |
49 638911 30 33 2738 3339 |
10 6811 30 37 3144 3338 ¢+ ,
130 6.8.9.11 31 38 2841 37-30 '
6,3,11 34 38 3434 3338 ¢ )
1 6,8.9.11 33 039 29-38 3645 ¢ .
9 6311 41 33 3336 3640 * (
2 6.8.9.11 39 37 J§.40 37-38 * l

6.8.11 38 38 3838 38.38 +

8 6.8,9,11 38 31 3534 30-33 |
* noisy data !
|

Case A - usinirfour satellites, or ) ) )
three satellites with gcoxdal height constraint
Case B - geoidal height constraint in Case A

pos - number of consecutive positions computed every second i
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This period is characterized by successive changes in the number of
satellites used in the computation of positions; the differences are larger than observed
in the previous periods.Successive losses of lock on SV9 were the cause for this. In
Case A (Figure 4.6) it is possible to see the oscillations of the computed positions when
the data are noisy. Improvement in the solutions is seen (Table 5) when we change
from three to four satellites; the average differences go from 41 m to 30 m, becoming
higher values when only three satellites are available.

In Case B the differences have higher values than in Case A, but the ranges
are smaller due to the smaller, noisy oscillations. As before the noisy is caused by the
loss of lock on SV9, and the offset in the GPS positions is in the southeasterly
direction from the Mini-Ranger positions.

e. Period 5. 19:35 to 1940 (Cases A and B)

This period has the noisiest data processed, so the differences have greater
spread. Although the range between differences 1s wide, 20 to 68 m in Case A and 29
to 67 m in Case B, the differences are mostly smaller in Case A than in Case B.

In Figure 4.7 we see successive jumps from three satellites to four and vice
versa. The GPS positions are south and east of the Mini-Ranger positions. The
differences in the northings are almost double of the ones observed in the eastings.
The reason for the frequent changes in the number of satellites used is the relatively
low altitude of SV9 and an azimuth close to ship’s heading, which together with the
pitch and roll led frequently to shadowing of the T1-4100 antenna.

J- Period 6. 19:47 to 19:53 (Cases 4, B and C)

This period is characterized also by noisy data, but it is for a different
reason. Here data from SV8 is rejected during the phase of smoothing it with Doppler
data. The observed roll is higher than in previous periods, caused perhaps by the
almost 90° change in course. As Table 2 shows, SV8 is setting, having a lower
elevation than any other satellite used during this period.

There are no significant differences between Cases A and B, and average
differences range from 26 to 30 m. In Case C we see that even lowering the number of
satellites to two or three and using the geoidal height as a constraint, smaller
differences are obtained than the ones computed with data from SVI1 (Table 6). The
offset in the positions has no relation to the course of the ship, i.e. it is still in the
southeasterly direction, and a sma'l or no time lag exists between the data of the two
systems (Figure 4.8).
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ol TABLE 6 |
; PERIOD 6, CASES A, B AND C.
! DIFFERENCES BETWEEN GPS AND MINI-RANGER POSITIONS
} |
Ranges(m) |
; Avg ges Min-Max
; pos SVs A B C A B C
16 89.11.13 28 29 29 28-29 28-30  28-30
1 911,13 %7 9 g 27-27 29-29 28-28 *
3 89.1113 g 29 2;-29 29-30  28.29 *
1 911,13 27 28 26 27-27 28-28 26-26 *
4 891113 J8 28 26 27-28 27-30 25.27 =
5 9'11,13 28 38 26 28-28 28-28 36-26 *
‘ 79 89,1113 27 38 26 26-29 26-30  24-28
‘ 1 911,15 27 38 26 2137 3828 26-26 * ,
35 89.01.13 29 30 30 27-32 28-33 27-33
1 911,13 28 29 %8 28-28 29-29 28-28 *
17 891113 29 29 29 38.30 28-30 27-30
1 911,13 28 29 27 2838 %9. 9 %7.27 .
20 891113 29 29 28 28-31 8-31 6-32
1 911,13 38 29 37 2828 29-29 27.27 »
162 89.11.13 38 29 27 26-31 27-31 24-31
I 911,13 38 30 27  2%-28 30-30 2727 *
1 890113 29 30 z§ 29-29 30-30 28-28 *
1 911,13 37 29 2 27.27 29-29 27.07 *
. 1 891113 29 30 38 29-29 30-30  38-28 *
| 1 911,13 27 28 15 2777 28-28 25.25 *
! 5 89,0113 27 27 21 26-27 26-27 20-23 *
1 911,13 37 28 33 37-21  28-28 2423 !
2 89.01.13 29 30 27 29-30 29-317 20-21 * !
1 9°11.13 26 27 23 26-26 27-2 2323 *
6 89.01.13 36 26 21 26-28 2538 2024

* noisy data

three satellites with ge_oxdal height constraint
Case B - geoidal hcxsht constrainf in Case A
! Case C - 1gnoring SV11 but constraining

‘ wx} geoidal height

pos - number of consecutive positions computed every second !

|
Case A - usingufour satellites, or !

g. Period 7. 19:57 to 20:05 (Cases A, B and O)

In Case B there is an improvement in the positions in relation to Case A. If
we refer to previous periods, we see that what is happening is the reverse of what was
happening there, i.e. the use of the geoidal height in positions computed using data
from four satellites improves the solution. As before, we see that noisy data causes an
oscillation in the observed differences but with small amplitudes. Noteworthy are the
highly improved positions indicated by a 13-m difference (Table 7).
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- TABLE 7

PERIOD 7, CASES A,BAND C
DIFFERENCES BETWEEN GPS AND MINI-RANGER POSITIONS

Ranges(m) .
Avg Min-Max .

pos SVs A B C A C
185 8,9,11,13 25 23 21 20-27 19-25 17-23
1 811,13 23 23 30 23-24 23-23 20-20 *
22 891113 22 20 18 20-24 18-22 6-20
I 811,13 22 21 18 22-22 21-21 3-18 *
17 89,0113 22 21 18 20-25 19-23 7-21

1 81113 23 22 19 2323 22-22 9-19 *
12 89,1113 22 20 17 21-22 9.21 7-21

I S$1113 19 19 16 19-I9 9-19 6-16 *
72 $9.01.13 20 18 16 18-22 7-19 3-18
1 811,13 19 19 16 19-19 9.19 6-16 *
13 89,11.13 19 18 14 7-20 7-19 3-16
1 811,13 18 17 14 8-18 7-17 314 *
81 89.01.13 21 19 16 19-26 7.24 4-21
I 911,13 17 17 14 11-17 7-17 4-14 *
35 89.11.13 20 18 16 19-22 6-20 3-18
1 9.11,13 17 16 13 17-17  16-16 3-13 *
2 89.01.13 29 25 23 28-29 25-26 2223 ¢
I 911,13 27 28 21 21-77 0 3334 21-21 +
27 89,1113 25 23 21 18-36 17-34 15-31

* noisy data

Case A - usm%lfour satellites, or i . ]
three satellites with geondal height constraint

Case B - geoidal hexéht constrainf i1n Case A

Case C - 1gnoring SV11 but constraining

with geoidal height
pos - number of consecutive positions computed every second

The GPS positions are also south and east of the MR Falcon positions, but

the fact of ignoring SV11 causes a decrease in the differences in easting (Figure 4.8).
h. Period 8. 20:07 to 20:13 (Cases A, B and C)

During this period all differences in all cases are smaller than 21 m (Table
8). The higher values are obtained after the computation of a position using fewer
than four sateuites in Cases A and B, and three satellites in Case C, and are due to the
oscillation caused by the Kalman filter. Table 8 shows that constraining the positions
computed using data from four satellites improves the solution; the minimum difference
reaches only 10 m. Also, ignoring SV11 causes a reduction of the differences, mainly in
the easting, and we see that the differences are smaller than in the other cases (Table
8). Figures 4.10 and 4.11 show the improvement in the positions when SVII is
ignored.
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- TABLE 8

PERIOD 8, CASES A, B AND C.
DIFFERENCES BETWEEN GPS AND MINI-RANGER POSITIONS

Ranges(m)
Avg Min-Max

pos SVs A B C A C
37 8,9.11,13 19 19 14 19-2] 16-18 13-15
1 SLIs 18 17 14 1818  17-17 1413 *
153 8,9.01,13 20 17 15 17-2] 16-19  12-17
1 811,13 17 17 13 17-17  17-17  13-13 *
28 89.01,13 20 17 153 19-21 16-19 13-16
1 811,13 17 17 13 17-17 1717 13-13 *
142 8,9,11,13 19 16 12 17-20 15-17 10-14

* noisy data

Case A - usm%four sate]lites, or
ree satellites with geoidal height constraint
Case B - geoidal height constraint in Case A
Case C - ignoring SV11 but constraining
with geoidal height
pos - number of consecutive positions computed every second

i. Period 9. 20:13 to 20:20 (Cases A, B and C)

TABLE 9

PERIOD 9, CASES A, B AND C.
DIFFERENCES BETWEEN GPS AND MINI-RANGER POSITIONS

Ranges(m) .
Avg Min-Max
pos SVs B C A B C
391 89,11,13 20 17 13 19-22 15-18 11-14
1 no data 18 15 11 18-18 15-135 11-11 * .
31 89,11,13 20 15 11 18-21 15-16 10-11 !
* noisy data

Case A - usm%rour satellites, or
ee satelhtes with geoidal height constraint
Caseg geoidal he ht constraint in Case A
Case C - ignorin g %11 ut constrammg |
with geoidal height
pos - number of consecuuvc positions computed every second
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The differences found during this period are similar to the ones obtained in
period 8. Table 9 fndicates that the differences in all cases are correlated as before. The
oscillations are due to the noise in the data from the MR Falcon and 1ot tc the GPS
positions, which define a smooth and continuous course (Figure 4.12).

J- Period 10. 20:20 to 20:25 (Cases A, B and C)

TABLE 10

PERIOD 10, CASES A, B AND C.
DIFFERENCES BETWEEN GPS AND MINI-RANGER POSITIONS

Ranges(m) .
Avg Min-Max
pos SVs A B°C A B C
9 89,11,13 20 16 11 19-21 14-16 9-11
88 89,13 it 11 11 10-17 10-15 10-12
206 6,8,9,13 25 25 24 15-26 15-26 15-26

Case A - using four satellites, or , ] )
three satellites with geoidal height constraint

Case B - geoidal he1§ht constraint in Case A

1 Case C - 1ignoring SVI1 but constraining

with geoidal height
pos - number of consecutive positions computed every second

During the first tests, the differences were smaller when the positions where
computed from three satellites, SV 11 excluded and the ship constrained to the geoidal
height, than the ones using four satellites, SVI1 or SV6 included. This happened
because during data acquisition SV6 was selected to replace SVI1I, and while the
receiver was not locked on the SV6, only data collected from three sateilites was good
(Figure 4.13).

In Case B (Figure 4.14 or Table 10) constraint of the position to the
geoidal height improves the solution where SV11 is used. In Case C (Figure 4.15) we
notice a reduction in the differences in the positions where data from SVI1 was used.

When SV6 replaces SVII, in all cases the differences are larger but of same

approximate magnitude.




! k. Period 11. 20:30 to 20:37 (Cases A, B and C)

-
-

TABLE 11

« PERIOD 11, CASES A, B AND C.
DIFFERENCES BETWEEN GPS AND MINI-RANGER POSITIONS

Ranges(m) .
Avg Min-Max
pos SVs A B C A B C
130 6,8,9,13 35 38 38 35-36 37-39 37-39
287 89,13 36 36 36 30-37 30-38 30-38

Case A - using four satellites, or . ) i
three satellites with geoidal height constraint
Case B - geoidal neight constraint in Case A
Case C - i1gnonng SV11 but constraining
with geoidal height
pos - number of consecutive positions computed every second

The initial positions were computed using data from four satellites, and
after 20h32m10.7s the receiver started to track SV1i2 in place of SV8, but no broadcast
ephemeris data were received during this period. The differences computed using data
from three satellites are the same in all cases, but those computed using data from four
satellites have different values. Thus in Case A the differences are smaller than in Cases
B and C, where the positions are constrained to the geoidal height (Table 11). In all
cases the differences in eastings are larger than in northings, contrary to what was
happening before; this offset is similar for the other two cases (Figure 4.16).
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SERFLOOR BENCHMARK EXPERIMENT

PHASE 11
16 RUGUST 1986

1820

Satellites used:
Své, Sv8, Sv9, SV1l

1914

4+ MR FALCOM TAANDUCER POSIT]ONS 1944

¥ GPS TRANODUCER POSITIONS

change from 3 to 4 satellites

Figure 4.1 Period | (Case A). Using all available satellites.
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SERFLOOR BENCHMARAK EXPERIMENT

PHASE 11
16 AUGUST 1986

1925
1825

1924
E-ra)
N
iget
Satellites used: 1921
SV6, Sv8, Sv9, Svil
1820
1920
+ MR FALCON TARANODUCER POSITIONS
% GPS TMANOUCER POSITIONS
sQ !] 230 s0p
oot t —1- i—1 ?“—‘t:“‘l* 7 i

HETERS

. e oW SRR Y
L'\ LU AR T A A T T e Oy

Figure 4.2 Period 2 (Case A). Using all available satetlites.
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SEAFLOOR BENCHMARK EXPERIMENT
PHASE 11
{6 AUGUST 1966
1925
N
Satellites used: 1920
SV6, SV8, SV9, SV11 1920
+ MR FALCON TRANDUCER POSITINANS
» GPS TRAMQUCER POSITIONS
e
0 L N . 290 N L ,____Sop
UIIIr 1 1 1T 1 1 1 I S 1 N |
. HETEARS

Figure 4.3 Period 2 (Case B). Constraining to geoidal height.
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SEAFLOOR BENCHMARK EXPERIMENT
PHASE |1
16 AUGUST 1988
193¢
N
Satellites used: 1925
SV6, SV8, SV9,SV11 s
4 WA FALCOM TAANDUCER POS}TIONS
% GPS TRANDUCER PDSITIONS
$ 2%0 S
DL V11111 R S, S S EA—— —— SA——— — ———
METERS

Figure 4.4 Period 3 (Case A). Using all available satellites.
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SEAFLOOR BENCHMARK EXPERIMENT
PHASE (1
16 AUGUST 1986
1930
N
Satellites used: }
svée, svg, Sv9, svii 1925 :
1925
+ MR FRLCOM TRANDUCER POSITIONS ;
WGPS TAANDUCER PBSITIONS |
{
5q 9 " N . 230 . L. Sap
i 1 i S 1 1 1 1 1 e 1 1
. WETERS

Figure 4.5 Period 3 (Case B). Constraining to geoidal height.
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- SEAFL OUA BENCHMARK EXPERIMENT
PHASE (1
16 AUGUST 1986
f
e‘
{
i 1838
i
i
i
T N
i
taal
Satellites used: 1831
Své6, sv8, Sv9, SvV11
4
1930 B
%
1930 !
+MA FRALCON TARNDUCER POSITIONS "
WGFS TAANOUCEW PUSITIONS -
‘ﬂ
{
’ ’
\ 250 M
‘ 3
! %nmmf?" SRS S S Sl Saniinl Rl i S S Lm“f l
| NETERS .
N ‘
* :

Figure 4.6 Period 4 (Case A). Using all available satellites.
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SERFLUOUR BENCHMARK EXFERIMENT
PHASE 11
18 RUGUST 1986

1840

N
1838
1936
Satellic.es used:
Svée, sv8, sSv9, Svil
1935
+ WA FALCON TAANOUCEA POSITTIONS 1935
® GPS TRARDUCER PUSLTIONS
sq 9 ___23%0 —
(oo [ 1 I | — i 1 I 1 I::{D'ln

METERS

b
R.w«m-nsm:&xm&%&@ﬁ&iﬁt&

Figure 4.7 Period § (Case A). Using all available satellites.
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SEAF(.AAR BENCHMAAK EXPERIMENY
PHASE 11
16 RUGUST 31986

N
1947
1947
194
*}9'0‘
lsu(/f/

4 MR FALCON TRANQUCER PASTTONS Satellites used:
% GPS TARNOUCER POSITIONS Sv8, sSv9, Sv13

“mml—r—t—r—1——————
MEIERS

Figure 4.8 Period 6 (Case C). Ignoring SV11.
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SEAFLOOAR BENCHMRRK EXPERIMENT
PHASE 11
16 AUGUST 1886

19587

|
|
|
)
|
§

Satellites used:
svs, sv9, svil, Svi3

+ MR FALCON TRANOUCEA POSITIONS !
W GPS TAANOUCER PASIT(GNS [

s%\fmmg—‘“—l‘”"'t"' 1 T 239' R 8y 1 1 sqr

. METERS

Figure 4.9 Period 7 (Case B). Constraining to geoidal height.
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Figure 4.10 Period 8 (Case B). Constraining to geoidal height.
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Satellites used: 2012 "
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4
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SEAFLOJR BENCHMARK EXPERIMENT
PHRSE (I
16 AUGUST 1986

201y
Satellites used: 2013

Sv8, sv9, svi3

+ AR FALCON TAANDUCER PNSITIONS
W CPS TRANDUCER POSITIONS

L

3 Tttt ——
METERS

Figure 4.11 Period 8 (Case C). Ignoring SVI1.
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SEAFLOOR BENCHMRRK EXPERIMENT
PHASE 1!
16 ALLUST 1986

. VWA e e & ARSI
LW»W“‘A‘HJ‘MMK(Z ..W}.&-:};';ﬁtﬁ\tﬂ.{cmt\ﬁu-‘.». RN

N
Satellites used:
Sv8, Sv9, SvV13 :
2020 A
2020 R
kg
4
g
+ MR FALCON TARNDUCER POSITIONS o)
M GPS TAANDUCER POSITIONS N
)
r
A
&
g
sq 9 . . . 290 . L sop "
e — 1 - 1 1 1 1 1 1 ;
WETERS J N
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Figure 4.12  Period 9 (Case (). Ignoring SVil. a
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SERFLOOR BENCHMARK EXPERIMENT
PHARSE |1
16 AUGUST 1986 )
2020
2020
~——1lost tracking on SV11
N
“5535— start tracking on SV6
| 2022
|
Satellites used:
Své6, sv8, Sv9, Svll, Sv13
+ MR FALCON TAANDUCEA POSITIONS
M GPS TARMOUCEA POSITIONS
sq 9 250 . so0 a
Ui n ne 1 1 1 1 1 1 a1 —
METEARS I
fl
- "
s
'(
Figure 4.13 Period 10 (Case A). Using all available satellites. e
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SEAFLOGR BENCHMARK EXPERIMENT
PHASE LI
16 AUGUST 1986

tracking on SV11

«—— Start tracking on SV6
2022
2022

2024

\\\»aozs
Satellites used: 2025

sve, Svs, Sv9, Svil, Ssv13

+ MR FALCON TRANOUCER POSIT}IONS
¥ GPS TARNDUCEA POSITIONS

5(1 & 2 30

METERS

SOP
T -

ol

Figure 4.14 Period 10 (Case B). Constraining to geoidal height.
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SERFLAGA BENCHMARK EXPERIMENT
PHRSE 1 -
16 AUGUST 1986

2020
2n20

- start tracking on SV6

Satellites used:
SV6, Sv8, Sv9, svi3 2025

4+ MR FRLCON TRANDUCER POSITIONS
¥ GPS TRANDUCER POSITIONS

e m e s m——

50 % 230 SOP
R SR

MEIVERS

Figure 4.15 Period 10 (Case C). Ignoring SV11.
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- SEAFLOOR BENCHMARK EXPERIMENT
PHASE [I

16 AUGUST 1986

SV6, Sv8, SvV9, SV13

+ MR FALCON TAANDUCER PASIIINNS
% GPS TRANDUCER POSITIONS

“wmmt——tr—1—1—1" - —r——1+—

RETERAS

Satellites used: \\“‘

-

Figure 4.16 Period 11 (Case A). Using all available satellites.
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4. Programs. Inputs and outputs

Two programs written for data analysis are summarized below:

Program: COMPARE POSITION

Input: Control file with period limits (Appendix K)
File with MR Falcon positions
File with GPS positions

Output: Listing with date, time tag, and GPS geographic positions
and differences in UTM coordinates
Source: See Appendix G

-Program: COMPARE PLOT
Input: Control file with period limits (Appendix K)
File with MR Falcon positions
File with GPS positions
Output: Plots of tracks using GPS and MR Falcon data
Source: See Appendix H

B. CONCLUSIONS

The results of the data analysis using four satellites with the broadcast ephemeris
indicate that the real-time positioning by GPS of a dvnamic platform, e.g. a ship, under
the best conditions is within 15 m but in most cases 20 m.

Using data from three satellites and constraining the solution to the geoidal
height, positional accuracies are within 20 m under the best conditions and 30 m in
most of the cases.

[t was found that the GPS positions were always southeasterly of the Mini-
Ranger positions. Due to lack of sufficient data and due to time limitations, correlation
between the geometry of the satellites and ship’'s heading could not be investigated.

The accuracy of the positions is correlated with the relative motion of the
satellites; this was found when SVI11 was ignored as in Case C, which improved the
solution. If the variations in azimuth and elevation of all satellites are compared for all
periods the data was processed, SVs 6 and 11 have variations larger than 110 degrees.

while SVs 8, 9 and 13 have variations in azimuth smaller than 3§ degrees (Table 2). [t

e ey




can be seen that both SVs 6 and 11 reach their culmination during the period the data
is analyzed. SV6 rgaches its culmination around 20:15 and SVI1I around 19:50.

When SVI117is ap, roaching culmination, the solution is not improved when the
position is constrained to the geoid; after culmination however, application of the

. constraint improves the solution (Tables 12, 13 and 14).
The degradation in the accuracy of the GPS positions using either SV6 or SVI11
. is evident in Table 15 where the differences found in these situations are bigger than for

positions computed without data from them. It is evident that even in Case C when
SVé, with the same characteristics as SV1I, i1s used to compute the position, the
differences become larger.

There are some theoretical studies (Landau, 1986) about the selection of satellite
configuration in order to get the best results for computed positions. However, with
the present data it is not possible to select a best combination, since the data
acquisition was limited to a small observational period and a small number of satellites.
Currently a way of measuring the effect of the geometry of the satellite configuration is
through the analysis of the geometric dilution of precision (GDOP) parameters. These
parameters include the position dilution of precision (PDOP), reflecting the dilution of
precision tn three dimensions, the the honzontal dilution of precision (HDOP).
reflecting the dilution of precision in two dimensions, the the vertical dilution of
precision (VDOP), reflecting the dilution of precision in the vertical dimension, and the
time dilution of precision (TDOP), reflecting the dilution of precision in time (Milliken
and Zoller, 1980). Thus, a low PDOP provides a good geometric configuration. Table
16 lists the observed satellites and their GDOP parameters.

It was found that the position of the antenna is important, and in the case of the

NSWC TI-4100 receiver some error was caused by shadowing due to the ship’s mast .'.'
when the azimuth of the satellites was close to the course of the ship. :':

The positions used for comparison with the GPS positions are themselves Ei
affected by the noisy signal of the MR Falcon positioning system. This problem could i

-
s

be reduced if more than two LOPs were used in the computation of positions.
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19
19
19
19
19
19
19
19
ST
19

Case B

OBSERVED DIFFERENCES IN METERS DURING PERIOD 3

Time
M

25
25
25
25
25
25
25
25
25
25

TABLE 12

MR FALCON POSITIONS VERSUS GPS POSITIONS.

0.7

5.7
10.7
15.7
20.7
25.7
30.7
35.7
40.7
45.7

O O O O W O 0 o K

—
o

10

BY “op
-18 19
4719
A5 18
4719
16 18
16 18
A5 18
6 19
A5 18
16 18

Case A - using four satellites, or

11
12
12
12
12
12
12
12
13

13

Case B Case C

DY DP DX DY DP
-29 31 - - .-
27 30 -- - -
27 29 - -- -
28 30 - -

-27 30 -- -- -
27 30 -- - -
27 29 - -

27 30 -- -
260 29 -- - -
26 30 -- - -

DX, DY differences in the UTM coordinates
DP derived position difference from DX and DY

three satellites with geoidal height cgnstraint
ase

- geoidal height conStraint in
Case C - no data durning this period
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19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19

DX, DY differences in the UTM coordinates
DP derived position difference from DX and DY

Time

M

52 40.7
52 417
52 427
52 437
52 447
52 457
52 46.7
52 477
52 48.7
52 497
52 50.7
52 517
52 527
52 53.7
52 547
32 557

17
16
16
17
15
16
10
14
14
15
17
18
19
19
13
12

TABLE 13

MR FALCON POSITIONS VERSUS GPS POSITIONS.
OBSERVED DIFFERENCES I'N METERS DURING PERIOD 6

Case A

DY DP
-22 28
-24 28
-24 29
-22 28
24629
21 27
27 29
-23 27
2327
2226
20 26
20 27
-19 27
-19 27
27 30
26 29

Case A - using four satellites, or , .
three satellites with gecidal height constraint

Case
Case

- geoidal

- ignoring S

geoidal height

height constraint in

Case B

DY DP
19 22 29
18 23 29
18 23 30
19 23 30
16 -25 30
8 -22 29
12 -28 30
15 24 28
15 23 27
16 21 26
18 -19 26
19  -19 27
20 -19 27
20 -19 28
13 .27 31
13 26 29

ase A

11 but constraining with

16
15
16
16
14

15

10
12
14
15
16
10

Case C
DY DpP
21 26
22 27
22 27
22 27
-24 28
=21 26
27 28
2325
20 22
138 21
-16 20
-17 21
17 23
-18 24
-26 28
25 26
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TABLE 14
MR FALCON POSITIONS VERSUS GPS POSITIONS.
OBSERVED DIFFERENCES IN METERS DURING PERIOD 8
Time Case A Case B Case C
H M § DY DP DX DY DP DX DY D°P
20 7 0.7 11 -15 19 9 -14 17 5 -13 14
20 7 27 10 -17 20 8 -15 17 4 -14 14
* 20 7 407 10 -15 18 9 -14 17 4 -12 13
20 8 0.7 9 -18 20 7  -17 18 4 -16 16
20 8 2.7 10 -17 20 8§ -16 17 5 -14 15 J
20 8 407 10 -17 20 8 -16 17 4 -14 15
20 9 0.7 11 -17 20 8 -15 17 5 14 15 !
20 9 207 11 -17 20 8§ -15 17 S -14 14
20 9 40.7 11 -17 20 8§ -15 17 5 -4 14 3 . e
20 10 0.7 11 -15 19 9 -14 16 5  -12 13
20 10 207 9  -17 19 8 -16 17 5§ -14 15 ’
20 10 40.7 11 -17 17 9 -14 16 5 -12 12
20 11 0.7 11 -16 20 8§ -15 17 4 13 13 ,
20 11 207 12 .16 2 9 -4 4 -13 13
' 20 11 407 12 -16 19 8 -14 16 4 12 13
20 12 07 12 15 19 9 15 16 4 -11 12 !
DX, DY differences in the UTM coordinates \
DP derived postition difference from DX and DY ‘
Case A - using four satellites, or ) i
three satellites with geoidal height constraint
s B G e Sith
geoidal héight
| )
|
e N e A e e e T e N e I
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TABLE 1§

MR FALCOXN POSITIONS VERSUS GPS POSITIONS.
OBSERVED DIFFERENCES IN METERS DURING PERIOD 10

Time Case A Case B Case C
HM S DX DY DP DX DY DP DX DY DP
20 20 77 14 -15 20 9 13 15 4 10 1t
20 20 87 14 .15 20 9 -13 15 4 -10 11
20 20 97 11 -13 17 g8 -12 15 4 -10 11
20 20 10.7 9 13 15 7 -13 14 3 -11 11
20 20 117 § -12 14 7 -12 14 3 -10 11
20 20 127 7 -12 13 6 -12 13 3 -10 11
20 20 447 4 -10 10 4 -10 10 4 -10 10

20 20 46.7 4 -10 10 4 -10 10 4 -10 10
20 20 477 3 -1 1 3 -1 11 3 -1 1

20 21 357 3 10 11 -10 11 3 -10 10

5

20 21 36.7 3 -10 11 310 11 3 -10 1 A
20 21 317 8 13 15 8§ 13 15 g8 -13 15 i
[
20 21 387 10 -14 18 10 -14 18 10 -14 18 lsj
20 21 397 12 15 19 12 -1 20 12 -15 20 "5
20 21 407 13 -16 21 13 -16 20 13 -16 21 ﬁ
DX, DY differences in the UTM coordinates S;
DP derived position difference from DX and DY R
Case A - using four satellites, or _ ’ M
three satellites with geoidal height constraint N
Case B - geoidal hei éht constraint in Case A »
Case C - ignoring S but constraining with ﬁ
geoidal height o
b ¢ ! :::
_-f
"¢
N
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61 g
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TABLE 16

PREDICTED GDOP PARAMETERS
16 AUGUST 1986

Time SV set GDOP PDOP HDOP VDOP TDOP
15:00 6 8 9 11 6.90 5.75 2.47 5.19 3.82
19:20 6 8 9 11 7.61 6.30 2.65 5.72 4.47
19:40 8§ 9 11 13 3.37 3.01 1.97 2.27 1.53
20:20 § 9 11 13 3.86 3.53 2.75 2.22 1.35

6 8 9 13 3.33 2.94 1.88 2.25 1.58
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V. RECOMMENDATIONS

GPS data from other davs of the Phase Il cruise should be used with the
modified programs discussed here to further check our conclusions.

Tests should be made in order to find the reason for otfsets in a southeasterlv
direction and evaluate their correlation, if anyv, with the geometry of the satellites used.

To test the conclusion that the accuracy depends on the large variations of the
azimuth of the satellites. SVs other than SV6 and SV11 should be used.

The relation between satellites’ culminations during observations and the
accuracy of the positions should be further investigated to provide a criterion for
satellite selection.

A better antenna site on the ship should be found to avoid shadowing and to
minimize the effects of pitch and roll. Antennas of two similar systems should be
1nstalled at both high and low elevations to determine the effects of pitch and roll.

The Kalman filter should be improved to avoid the oscillation when data are
noisv. Other algorithms should be implemented and their results compared 0 the
results of the KALMN2 program.

To provide a real-time position computation the KALMN?2 program or a simuiar
program should be installed in a transportable computer. A system should be Jesigned
10 have one computer converting and logging the data, another processing and
displaving results, saving them or sending them to stll another computer or data
recording system, and there should be a master syvstem to control the svnchronizaticn

of time recorded with all data and to control the flow of information.
Processing of the same data should be done using the precise ephemeris 0 see
how the solution is improved.

Processing in differential mode should te Jone to see how much the solution s
improved.

Comparnison of data from other receivers shouid be done to check which tipe cof
receiver provides higher accuracy.

Next an experiment should be designed to obtain point or differential positions in

§
3
]
i
3
’
»
!
|

real time for moving platforms (survev shup! with htle or no shore support.
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To allow better evaluation of the GPS data. positions computed with
two lines of position should be used as reference.
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APPENDIX A
PROGRAM FALCON. SOURCE LISTING

//7EZEQUIEL JOB (0812,9999), ' EZEQUIEL ,CLASSC
/7/7%MAIN ORG=NPGVM1.0812P ,LINES=(99),CARDS=(99)
//%FORMAT PR,DONAME=GO.FT06F001,

//#FORMS=SEPL

/7 EXEC FORTVCLG

//FORT.SYSIN DD =

AUTHOR: AUGUSTQ EZEQUIEL
DATE: APRIL 10, 1987

DESCRIPTION:

THE PROGRAM TAKES THE RAW RANGE-RANGE DATA FROM AN INPUT FILE,
COMPUTS THE POSITIONS AND AND THE COURSE BETWEEN TWO ANTENNA
POSITIONS AND PRINTS THE UTM COORDINATES, THE COMPUTED COURSE
AND THE GPS TIME OF EACH OBSERVATION.

THE PROGRAM RUNS IN MVS

I/0 SPECIFICATIONS: SEE END OF THIS JOB.

THIS PROGRAM IS RESTRICT AS IS TO THE SEAFLOOR BENCHMARK EXPERIMENT
FOR OTHER USES DO NOT FORGET TO ENTER THE COORDINATES OF THE
STATIONS AND OTHER PARAMETERS.

COORDINATES ARE IN WGS72 DATUM.

THE PROGRAM WILL RUN WITH ANY AMOUNT OF DATA ONLY LIMITED TO DISK
SPACE

ANY BLANK LINES WILL TERMINATE THE PROGRAM IN ERROR

OO0 O0ONOOO0O0D

REAL %8 X(2),Y(2),XP0S,YPOS,X0LD,YOLD

INTEGER LADEG1,LADEGZ,LAMIN]1,LAMIN2,LODEGL,LODEG2,LOMIN], LOMIN2
INTEGER MONTH,YEAR,DAY,HOUR,MIN,LADEG,LAMIN,LODEG,LOMIN

REAL LASEC1,LASECZ,LOSEC1,LOSEC2,LASEG,LOSEG,SECS

STATION 1 FERRIER

[s X N3]

LADEG1=36
LAMIN1=33
LASEC1:53.748
LODEG1=121
LOMIN1=53
LOSEC1:252.939

&
-
Kl
’
o
«

.

STATION 2 DOME ECC

OO0

LADEG2236
LAMIN2=18
LASEC2220.95
LODEG2=121
LOMIN2=54
LOSEC23200.50

COMPUTE X-Y FOR CONTROL STATIONS

ONn

CALL GPUTMILADEG1,LAMIN1,LASECL,LODEGY,LOMINL,LOSECL,Y(1) ,Xi1))
CALL GPUTM(LADEG2,LAMIN2,LASEC2,L0DEG2,LOMIN2,LOSEC2,Y(2) ,X(2]))
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END QF INITIAL DATA

COMPUTS THE FIRST POSITION TO HAVE A STARTING POINT FOR
EVALUATION OF THE COURSE

0OGoOoONO0O0

READ(50, ® ,END=100) MONTH,DAY,YEAR,HOUR,MIN,SECS,
* KODE1,RANG1,ISTRE1,KODEZ,RANGZ,ISTRE2
CALL RRXY(X,Y,RANG1,RANG2,XOLD,YOLD)

READ IN DATA FROM INPUT FILE

oo

50 CONTINUE
READ(50, % ,END2100) MONTH,DAY,YEAR,HOUR,MIN,SECS,
# KODE1,RANG1,ISTRE1,KODE2,RANG2,ISTRE2

COMPUTE X-Y ANO GP OF RR POSITION

o000

CALL RRXY(X,Y,RANG1,RANG2,XP0OS,YPOS )
COMPUTES THE COURSE

Nnoo

CALL HEAD(XOLD,YOLD,XPOS,YPOS,COURSE,IERR)
IF LANE JUMPS DOES NOT SAVE THE POSITION
IF(IERR.LT.O0) WRITE(6,1)1IERR

1 FORMAT(I6)
IF(IERR.LT.0) GOTO 50

[sEaNeXa X2l

COMPUTES THE GEOGRAPHIL COCRDINATES
CALL UTMGP!YPOS,XP0OS,LADEG,LAMIN, LASEG,LODEG,LOMIN, LOSEG)

OUTPUT THE RESULTS

OO0 o000

WRITE(6,60) MONTH,DAY,YEAR,HOUR,MIN,SECS, LADEG,LAMIN,LASEG
8 »LODEG , LOMIN, LOSEG,COURSE
60 FORMAT(2(1X,I2),1X,I4,3(1X,13,1X,12,1X,F7.3),1X,F5.0)

WRITE(7) MONTH,DAY,YEAR,HOUR,MIN,SECS,LADEG,LAMIN,LASEG
* »LODEG , LOMIN,LOSEG

SAVES THE COURSE IN A SEPARATE FILE

o0

WRITE(8) MONTH,DAY,YEAR,HOUR,MIN,SECS,COURSE

SAVES POSITION FOR COURSE COMPUTATION

o000

XOLD=XPOS
YOLO=YPOS
GOTO SO

END OF PROGRAM

o000

100 CONTINUE
sToP
END
c
€ 13 HHHHHHHNHHHHHHHHHHEEEEEHHE RS IR IHHHEHEHEHHHHNEEHHAH
SUBROUTINE RRXY!XR,YR,R1,R2,XCO,YCO)
C 333N S ISHE ISR EEHEHEHHHHHEHHHH
c
IMPLICIT REAL®8 (A-H,0-2)
DIMENSION XR(2),YR(2)
A s DSQRTI(XRI2)=XR(1)]#%2 ¢ (YR(2)-YR(1))#n2)
CR 2 (XRUZ)-XR{1)) / A
SR = (YR(2)=YR(1}) / A
XP 3 {R1%#R]1l ~ R2%R2 + AA) / (2%A)
ARG = R1®R1 - Xpwxp
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YP = DSQRT{ARG)

XCO = XPxCR + YP#SR + XR(1)
YCQ 2 XP#SR - YP®CR + YRi1)
RETURN

END

C
C 363690303 LI NI I NEIEEIE 6316 3 IR I I 16 36 316363

SUBROUTINE GPUTM(LADEG,LAMIN,LASEG,LODEG,LOMIN,LOSEG,NORTH,EAST)
C IS I SOOI NI 3TN I T 3 H IS 30 34
c
DOUBLE PRECISION A,R,N,AP,8P,CP,DP,EP,S,R1,ESQ,ESQP,RM,RP,KO
DOUBLE PRECISION R2,R3,R4,R5,P,P2,P3,P%,P5,P6,46,B5,SINSEC
OOUBLE PRECISION PHI,DLAM,NORTH,EAST,B,PHIMIN,PI,LON
REAL LASEG,LOSEG

c
c THIS SUBROUTINE COMPUTS THE UTM COORDINATES OF GP IN WGS 72
c IN ZONE 10 CENTRAL MERIDIAN 123 00 0C W
c
CM=-123.000
PHI=DFLOAT(LADEG )+DFLCAT(LAMIN)/60.D0+DBLE(LASEG)/3600.00
LON=0FLOAT( LODEG )+DFLOATI{LOMIN)/60.00+DBLE(LOSEG}/3600.D0
LON=-LON
OLAM=( LON-CM)#3600.000
c
A=6378135.000
R=298.2600
c
K0=0.999600
c
8 = A®(R~1.0C}I/R
c
N = (A-B)/1A+B)
AP = AR((1.D0~N)+5.D0/G.D0%( Nix2-N##3 1481 . D0/64 . DO%( NiuG=Nx%S ) )
BP = 3.D0/2.00%A%( {N=-N#%2)¢7.00/8.D0%( NuuZ-N¥*#k )+55.00/64 . DO*N®#5 )
CP = 15.D0/16.00%A%(N#%#2-N#%3+43 00/4.00% (NG -N#x5) )
OP = 35.D0/48.00%A%(N##Z-N¥#G+11.00/16,DQ%N#RE)
EP = 315.00/512.00%A%{ Notwt~N#nS )
PHIMIN = PHI®60.D0#2.908882086660-4
o
PI=DARCOS(-1.00)
c
PHI=PHI/180.D0%PI
c
S = AP®PHIMIN-BP#DSIN(2.00%#PHI 1+CP#OSIN(G.DONPHI )
$ ~ DP*DSIN(&.DOXPHI )+EP*DSIN(8.DO®PHI )
Rl = KOxs
c
SINSEC = (1.D00/3600.00)/180.D0%P1
SINSEC=DSINISINSEC)
c
ESG = (AM2-BuR2)/AMN2
ES@P = ESQ/(1.D0-ESQ)
RM 2z A%(11.D0-ESQ)/(DSQRT(1.00-ESQHOSIN(PHY J3x2 ) )un3
c
RP = RMH(1.00+ESQP®OCOS(PHI Jwn2)
R2 = RPHDSIN(PHI )%#0COS(PHI 1#SINSECH®2/2, DO*KO*]1, 008
R3 2 SINSECH#GHRPHDSINI PHI 1#DCOS(PHI 1%#%3/26 . 00%(5.00-DTANI PHI )2
$ ¢+ 9. DONESQPHOCOS( PHI 1#2+4 . DORESQPHESQP#DCOS( PHI )24 1nkQ#1.016
RG = RPRDCOS| PRI INSINSECHKO®1.D4
RS = SINSECH#3RRP#DCOS(PHI )%%3/6.00%(1.00-0TAN(PHI }#n2
$  » ESQPRDCOSIPHI 13%##2)¥K0O®1.D12
c
P = .0001D0%DLAM
P2 = Pun2
P3 = Pun3
PG4 z Pawd
PS = Pung
P6 = Pung
c

A6 = PONSINSECHH6nRP#DSIN( PHI 1#DCOS(PHI 1#45/720.00
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$ % (61.D00-58.D0#DTANIPHI J#22+DTAN(PHT )G
$ + 270.DO%ESQP*DCOS! PHI )#%2-330 . DOXESQP#OSIN( PHI )#2 ) ¥K0On1.D24
B5 = PSHSINSECH%S#RP#OCOS(PHI }#%5/120.00%(5.00~-18.D0%DTAN( PHI 1#%2
$ + DTAN(PHI )G +14 . DOXESQP*DCOS! PHT 1322
$ ~ 58.D00%ESQP#DSINIPHI 122 )#K0Ox1,020
NORTH=R1+R2%P2+RI#PG+AS
EAST=(R4*P+RE%P3+85)+500000.00
RETURN
END
c
€ H3EE S0 363636 3636 36 363676 3636 33636 F-HHHHEEHE S IR HHEHHHHEHHHHHEHHHHE
SUBROUTINE HEAD(XOLD,YOLD,XPOS,YPOS,COURSE,IERR)
C I I 36 T TSN 36 3 I I 6 3 3363 R IIHHHHEHTHEHHHEHHEHHHEHHHHEEH
c
REAL®8 XOLO,YOLD,XPOS,YPOS
IERR=Q
0X=XPOS-XOLD
DY=YPOS-YOLD
RADIUS=SQRT ( DX3%2+DY %2 )
IF(RADIUS.GT.20.} IERR=-1
IF(RADIUS.5T.0.) GO TO 10
COURSE=0.0
RETURN
10 CONTINUE
20 CCURSE= ARCOS{DY/RADIUS)
COURSE=COURSE*180./3.141592654
IF(DX.LTY.0.) COURSE=360.-COURSE
RETURN
END
c
C 336361633638 36 I HHHHHHEHHEHE S IDHEHHOHOHHHAHHEHHHUHHHEHHHOHHHHEHEREEHHEHE
SUBROUTINE UTMGP(NORTH,EAST,LADEG,LAMIN,LASEG,LODEG,LOMIN,LOSEG)
© 33636 3696 26 J6 363 JIEIE 6 HE 363 FHIHHEE I HHEIOHEHE M IHEHEHOHE HOHEHEHEHE R HE 3
c
DOUBLE PRECISION A,R,N,B, BP,CP,DP,EP,S,R1,ESQ,ESQP,RM,RP,KO
DOUBLE PRECISION R7,R8,R9,E5,Q9,32,Q3,34,35,36,06,AP,SINSEC
OOUBLE PRECISION R10,DLAM,NORTH,EAST,RPHI,DPHI ,PHIMIN
DOUBLE PRECISION EPRIME,DELTA,D6NUM,CM,PHI,LON,PI
REAL LASEG,LOSEG

c
c THIS SUBROUTINE COMPUTS THE UTM COORDINATES OF GP IN WGS 72
c IN ZONE 10 CENTRAL MERIDIAN 123 00 00 W
c
CM=-123.000
[
A=6378135.0D0
R=298.2600
c
KQ=0.999600
c
PI=DARCOS(-1.00)
B = A®(R-1.D0)/R
c
N 2 (A-B)/(A+B)
AP = A®((1.D0~N)+5.D0/6.D0%(Na%2-Nu%3 )+81.00/6%.D0%( Nxs#G-Nu¥5) )
BP = 3.D0/2.DO%A( (N-N##2)+7.00/8.D0#( N#e3 -Nw#d ) +55, D0/ 6% . DO%N#xS )
CP = 15.00/16.00%A%( N2 -Nw#343 . D0/G, DO%( NG -N#RE ) )
OP = 35,00/48 . DO%ARIN®®3-N¥#4+11.00/16.DO%NN®E)
EP = 315.00/512.D0%A%( NG -N##5 )
c
c FIRST APROXIMATION OF PHI
c
PHI=NOCRTH/30.800/3600.00
c
o COMPUT TRUE MERIDIONAL DIST AND APROXIMATE PHI
c

00 100 I=1,8
PHIMIN=PHI®G60.D0%2 . 908882086660-4¢
RPHI=PHI/180.00%PI
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S = AP®PHIMIN-BP%DSIN(2.00%RPHI 1+CP*DSIN( 4. DO*RPHI )
$ ~OP#DSIN( 6.DO%RPHI }+EP*DSIN( 8. DO*RPHI )
R1 = KO»S
DELTA=NORTH-R1
PHI=(DELTA/30.8/3600. )+PHI
100 CONTINUE
RPHI=PHI/180.00%P1

SINSEC
SINSEC

(1.00/3600001/180.00%PT
DSINISINSEC)

ESQ = (Ame2-Bi2)/AN%2
ESQP = ESQ/(1.00-ESQ)
. RM = A%(1.D0-ESQ)/(DSQRT(1.D0-ESQNOSIN(RPHL 1%#%2 ) 1%n3

RP = RM»*(1.DO+ESQP*DCOS(RPHI )%»2)
R73(DTAN(RPHI }/(2.DO%RP##Z%SINSEC ) )%( 1. DO+ESQPHOCOS( RPHI Jwn2 )
$ ®#1.012/K0#%2
R8=(DTAN(RPHI )/( 264 . DOXRPMN4#STNSEC ) )#(5.00+3.D0#0TAN(RPHT )%%2
$ +6 . DORESQP*DCOS{ RPHI 1#%2-6 . DOXESQPXOSIN( RPHI )#4#2-3 DORESQP#®2
$  ®DCOS(RPHI )##4=9 DOXESQP*#2%0COS( RPHI e 2%DSINIRPHI 1352 )
$  #1.D24/KOMG
R9=1.00/0COS(RPHY }/{ RPESINSEC 1#1.D06/X0
R10=1.D0/DCOS{RPHI 1/1 6 .DO*RP¥*#INSINSEC )3#(1.00+2.00%0TAN(RPHI }#x2
$ +ESQP*DCOS( RPHI )##2 )»1.018/KO%x%3

EPRIME=EAST-500000.00

Q@ = .0000010O0%EPRIME

Q2 = Qwx2

Q3 = Qunl

Qb QNG

Q5 = Qw5

Q6 = Q6

D6NUM=Qo#DTAN(RPHI )

D6=106NUM)/( 720 .D0%#RP#R6HSINSEC 1%#(61.00+90. DORDTAN(RPHI )2
$ +45 . DO%OTAN( RPHI 1 %54+ 107 . 00%ESQP#OCOS RPHT 12
$ ~162.D0#ESQP*DSIN( RPHI )##2-45. DO*ESQP#DTAN( RPHT )32
$  ®DSTIN(RPHI )%%2)%]1.D36/K0nx*6

E5=(Q5#1.D00/DCOS(RPHI })/(120.00%RP#%5#STNSEC 1#(5,00+28.00
$  #OTAN(RPHI )#%2+426 . DOXDTAN( RPHI )%%4 ¢6 . DOXESQP#DCOS( RPHI 1302
$ +8 . DOXESQP*DSINIRPHI 1%#2 1%1 . D30/KO%%5

LI I I

DPHI=( -R7%Q2+R8%Q4-06)/3600.D0
DLAM=(R9#Q-R10%Q3+E5)/3600.00
PHI=PHI +DPHI

LON=CM+DLAM

CALL OMS(PHI,LADEG,LAMIN,LASEG)
CALL OMS{LON,LQDEG,LOMIN,LOSEG)

RETURN .

END b

c -

C 3333636 3 AHHHHHEHHHHE HHEHEHEHHHOEHEHHE R IHHOHEHERHHEHHHEHHEHEEHEHEEHHHEHEEE ,"

SUBROUTINE OMS!DEC,LDEG,MIN,SEC) h

C 3636 33636 3 J-HHHHHEHBHEEHEHEEHHE IS FHEIEE 6 FIEE I HHHHERHEHEHEHEHH i

c g

OOUBLE PRECISION DEC,XNUM,XMIN .

c N

XMM=DABS ( DEC ) \

LDEG=DINT (XNUM) .

XMIN=( XNUM-OF LOAT( LDEG ) 1#60. DO W

MINSOINT (XMIN} L

XNUMz( XMIN-OF LOAT{MIN } 1#60.00 {

SEC=SNGL | XNUM ) 2

IF (LDEG.GE.360) LDEGILDEG-360 v

RETURN N

END ’

* g
//G0.FT06F001 DD SYSOUT=#

//G0.FTO7FO01 DD DSN=MSS.S0812.FALCON.ANTENNA.POS,DISP=OLD |

I
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7//GO.FTOBF001 DO DSNsMSS.S0812. FALCON.COURSE . ROUGH »DISP=OLD
//GO.FTSOFO0L DD DSNsMSS.S0812. FALCON.DATA(FALCON] )>DISP=SHR

14
I44
144
144
144
/7
144

T

00 DSNaMSS.S0812.FALCON.DATA( FALCON2),DISP2SHR
DD OSN=MSS.S0812.FALCON.DATA( FALCONZ ),DISP=SHR
D0 DSN=MSS.S50812.FALCON.DATA( FALCONG ),DISP2SHR
00 DSN=MSS.S50812.FALCON.DATA( FALCONS ) ,DISP=SHR
00 DSN=MSS.S0812.FALCON.DATA( FALCONG ) ,DISP=SHR
D0 DSN=MSS.S0812.FALCON.DATA( FALCON7 },DISP=SHR

fo = .1
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APPENDIX B
PROGRAM COURSE SMOOTH. SOURCE LISTING

/7 JOBSMOTH JOB 10812,9999), 'EZEQUIEL ' ,CLASS=C
//7%MAIN ORG=NPGYM1.0812P, LINES=(99),CARDS=(99)
//#FORMAT PR,DONAME =GO.FT06F001,

//#FQRMS=SEPL

4 EXEC FORTVCLG

//FORT .SYSIN DD =

AUTHOR: AUGUSTO EZEQUIEL
DATE: JANUARY 05, 1986

DESCRIPTION:

THE PROGRAM MAKES THE RUNNING AVERAGE OF THE COURSE COMPUTED
BY THE PROGRAM < COMP > IN ORDER TO TAKE OUT THE EFECTS OF THE
PITCH AND ROLL EFFECTS. THE FIRST AND LAST TWQ POSITIONS ARE
REJECTED AS NO RUNNING AVERAGE IS POSSIBLE FOR THEM.

THE PROGRAM RUNS IN MVS

I/70 SPECIFICATIONS: SEE END OF THIS JOB.

THIS PROGRAM IS RESTRICT AS IS TO THE SEAFLOOR BENCHMARK EXPERIMENT

THE PROGRAM WILL RUN WITH ANY AMOUNT OF DATA ONLY LIMITED TO DISK
SPACE

ANY BLANK LINES WILL TERMINATE THE PROGRAM IN ERROR

e N s NeNeNe N Ne NN N BN o N NN o Ns Ne N s Ne N Re NeNel

REAL COURSE(5),SECSI5)
INTEGER MONTH(5),YEARI5),DAYI5),HOUR(S ),MIN(5),FLAG
LOGICAL SAVE

c
c INITIALIZATION OF FLAGS
c
SAVE= .FALSE.
FLAG=1
4
c READS THE FIRST FIVE COURSES
c

00 100 J=1,5
READ(51,END=1100) MONTH(J),0AY(J],YEAR(J),HOURLJ),
$ MIN(J),SECS(J},COURSE(J)
156 FORMATI2(1X,I27,1X514,1X,I2,1X,12,1X,F%.1,1X,F07.2)

c WRITE(6,150) MONTH(J1,0AY(J),YEARIJ),HOURIJ),
C  $ MIN(J),SECS(J),COURSE(J)
100 CONTINUE
c .
¢ AVERAGE THE COURSE '
C .
105 AVG2({COURSE(1)+COURSE( 2 }+COURSE (3 )+COURSE(4 ) +COURSE(5))/5.0 '
c 1
¢ SAVES THE AVERAGE IN THE MIDDLE POSITION ‘
‘ c
% COURSE(312AVG
| ¢
|
! c DOES NO SAVE THE FIRST TWO POSITONS OF THE FILE AS NO RUNNING
‘ ¢ AVERAGE EXISTS FOR THEM
¢
‘ IF(SAVE) GOTO 50
|
c

- ~ ~ ey "
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FLAG3FLAG+]
IF(FLAG.EQ.3) SAVE=.TRUE.
GQTO 70

WRITES THE DATA WITH THE AVERAGED COURSE INTO THE FILE

aoa

50 WRITE(T) MONTH(1),0AY{1),YEARI{L},HOUR(1),MIN(1},S5ECS(1),COURSE!])

WRITE(6,150) MONTH(11,04Y(13},YEAR(1),HOUR(L),
$ MIN(1},SECS(1}),COURSE(1)

MOVES FORWARD THE DATA

0o

70 CONTINUE
0Q 75 J=2,5
MONTH( J=-1 )=MONTHI J)
OAY(J-1120AY(J])
YEAR(J=1)sYEAR(J)
HOUR( J~1)sHOUR( J )
MIN(J-1)3MIN(J)
SECS(J~1)=SECS(J)
COURSE(J-1)=COURSE(J)

75 CONTINUE

READS ONE MORE COURSE

000

READ(S1,END=1000) MONTH{5),DAY(5),YEAR(5),HOUR(S ],
$ MINI5),SECSI5),COURSELS)

oo

GO BACK TO COMPUT A NEW AVERAGE
GO T0 105

END QF FILE FOUND DURING THE INPUT QF A FITH COURSE
SO SAVES THE REMAINING TWO AVERAGES
000 CONTINUE
0Q 1001 J=1,2
WRITE(7,150) MONTH(J),DAY(J),YEAR(J),HOUR(J),
$ MIN(J),SECS(J1,CQURSE(J}
WRITE(6,150) MONTH(J),DAY(J),YEARIJ),HOUR( ST,
$ MIN(J),»SECS(J):COURSE(Y)
1001 CONTINUE
sToP

=000

c

C NO OUTPUT IS MADE IF AN END OF FILE WAS FOUND DURING THE READING

c OF THE FIRST FIVE COURSES

1100 CONTINUE
HWRITE( 6,140}

140 FORMAT (' ERROR. ENO OF FILE DURING THE FIRST SET OF COURSES'!

sToP
END

/%

//GO.FT06F001 DO SYSOUTz#

//GO.FTOTFO0L DD DSNaMSS.S0812.FALCON.COURSE . SMOOTH,DISPaSHR

//GO.FTS1F001 DD DSNaMSS.S0812.FALCON.COURSE . ROUGH ,0ISP=SHR
7/
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APPENDIX C
PROGRAM TRANSDUC FALCON. SOURCE LISTING

/7 JOBTRANS JOB (0812,99993, 'EZEQUIEL ' ,CLASS=C
//%MAIN ORG2NPGVM1.0812P,LINES=(99),CARDS=( 99)
7 /%FORMAT PR,DDNAME =GO.FT06F001,

//#*FORMS=SEPL

/7 EXEC FORTVCLG

//FORT .SYSIN 0D #

AUTHOR: AUGUSTO EZEQUIEL
DATE: MARCH 04, 1987

DESCRIPTION:

THIS PROGRAMS TAKE3 EACH POSITION OF THE ANTENNA

THE COMPUTED COURSE ( FILTERED OR NOT ) ,THE PITCH

AND ROLL OATA, AND COMPUTES THE POSITIONS OF THE
TRANSDUCER, APLYING THE SEVEN PARAMETER TRANSFORMATION

TO THE OFFSETS OF THE TRAMSOUCER IN RELATION TO THE ANTENNA
CONSIDERED THE CENTER OF COORDINATE SYSTEM AND THEN ADDING
THE CORRECTIONS TO THE COORDINATES.

THE PROGRAM RUNS IN MVS
I/0 SPECIFICATIONS: SEE END OF THIS JOB.

THIS PROGRAM IS RESTRICT AS IS TO THE SEAFLOOR BENCHMARK
EXPERIMENT

THE PROGRAM WILL RUN WITH ANY AMOUNT OF DATA ONLY LIMITED TO DISK
SPACE

ANY BLANK LINES WILL TERMINATE THE PROGRAM IN ERROR

OO0 OO0

DOUBLE PRECISION XPOS,YPOS,TIMEL,TIMEZ,TIMES,SECD,SECH,RATE
| DOUBLE PRECISION TIME4, TIMES

\ REAL COURSE,PITCH(2),ROLL12),SECL(2),SEC2,PIT,ROL,SEC312)

| REAL OX,DY,D2,0FFX,0FFY,0FF2,HEAD(2),LASEG,LOSEG

i

READ(51,#,END=100) MONTH1(2),DAY2(2),YEARI(2),HOURL(2),MINL1(2]),

| INTEGER MONTH1(2),DAY1(2),YEARL(2),HOURL(2),MINL(2} ’:

INTEGER MONTH2  ,DAY2  ,YEAR2 ,HOURZ  ,MIN2 o

] INTEGER MONTH3(2),0AY3(23},YEARS(2),HOURSL 2 J,MIN3(2) ~

. INTEGER LADEG,LAMIN,LODEG,LOMIN A

c .

\ c INITIALIZATION OF CONSTANTS A
C

SECH23600.00 !

SECD®26¢ . DONSECH n

c v‘-

OFFXs-5, 345 N

OFFY=2-9.453 .

OFF2=-16.152 -

c .

c READS TWQ SETS OF PITCH AND ROLL DATA ;

c .

READ(51,%,END=100) MONTH1(1),DAY1(1),YEARI(1),HOURL(1),MINL(1]}, ‘

$ SEC1(1),PITCH(1),ROLLIL) ‘

TIMEL=DFLOATIDAY1(1))%SECO+OFLOAT(HOURL( 1) %SECH :

s + DFLOAT(MINL(1)!#60,00+DBLE(SECLi1)) .

c .

!

i
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$ SEC1(2),PITCH(2),ROLL(2)}
TIMEZ=OFLOAT(OAY1(2) 1%SECO+0OFLOAT( HOURL( 2} 1nSECH
$ ¢ DFLOAT(MINL1(2))%60.D0+DBLE(SEC1(2))

READS TWO SETS OF COURSE

OO0

READ(52,END=100) MONTH3(1),0AY3(1),YEAR3(1),HOUR3(1),MIN3(1),
$ SEC3(1),HEAD(])

TIMEG=DFLOAT(DAY3( 1) )%SECD+DFLOAT( HOURS( 1) )%SECH
$ ¢+ DFLOAT(MIN3(1))#60.00+08LE(SEC3(1))

READ( 52,END=100) MONTH3{2),DAY3(2),YEAR3(2),HOUR3(2),MIN3(2",

$ SEC3(2),HEADI 2! .
TIMESSOFLOAT(DAY3(2) I#SECD+DFLOAT(HOUR3Z(2) )%SECH

$ + DFLOAT(MIN3(2))%60.00+DBLE(SEC3I(2))

READS ONE POSITION OF THE SHIP

000

20 READ(SO END=100) MONTH2,DAY2,YEAR2,HOUR2,MIN2,SEC2,
LADEG,LAMIN, LASEG, LODEG , LOMIN,LOSEG

TIME3=DFLOAT(DAY2 1#SECD+DFLOAT(HOUR2 1#SECH
$ + DFLOAT(MIN2 }#60.00+DBLEISEC2)

POSITION IN TIME BETWEEN THE TWO SETS OF PITCHM AND ROLL DATA
AND THE TWO SETS OF COURSE DATA
25 CONTINUE

POSITION TO EARLY FOR PITCH AND ROLL DATA

a0 o00n

IF(TIMEZ.GE.TIME1l) GO TO 40
WRITE(6,30) MONTH2,DAY2,YEAR2,HOUR2 ,MIN2,SEC2
30 FORMAT(' PSN @ ',I2,1X,I2,1X,I4,1X,I12,1X,12,1X,Ff%.1,
$ ' REJECTED. NO PITCH AND ROLL DATA')
GOTO 2uv

POSITION TO EARLY FOR PITCH AND ROLL DATA

OO0

40 CONTINUE
IF(TIMEZ.GE.TIME4} GO TO 60
WRITE(6,50) MONTM2,DAY2,YEARZ,HOUR2,MINZ,SEC2
50 FORMAT(' PSN 3 ',I2,1X,12,1X,14,1X,12,1X,12,1X,F4.1,
$ ' REJECTED. NO COURSE DATA')
GOTO 20

POSITION LATER THAN THE SECOND SET OF PITCH AND ROLL DATA

(g e Nel

60 CONTINUE
IF(TIME3.LE.TIMEZ) GOTO 70

MOVES THE PITCH AND ROLL DATA TO THE FIRSY SET

ao0on

MONTH1(1)=MONTH1(2)
DAY1(1)=DAY1(2)
YEARL(1)=YEARL(2)
HOUR1( 1 )3HOURL( 2)
MINL(L1)=MIN1(2)
SEC1(2)sSEC1(2)
PITCH(1)=PITCH( 2)
ROLL{1)=ROLLI(2)
TIMEL=TIME2

READS A SECOND SET OF PITCH AND ROLL DATA

[a N a2l

READ(51,%,END=100) MONTH1(2),0AY1(2),YEARLL2),HOURL(Z},MINL(2),
$ SEC1(2),PITCHI2),ROLLI2)
TIME2=OFLOAT(DAY1(2) )%SECD+DFLOAT(HOURL( 2 ) I#SECH
$ ¢ DFLOAT(MIN1(2)i%60.00+0BLE(SECY(2})
GOTO 25

|
[
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c POSITION LATER THAN THE SECOND SET OF COURSE DATA

70 CONTINUVE
IF(TIMES.LE.TIMES) GOTO 30

c MOVES THE COURSE DATA TQO THE FIRST SET

MONTH3{ 1 )=MONTH3( 2)
0AY3(1)=DAY3(2)
YEAR3(1)=YEAR3(Z)
HOURZ (1 )1=HOUR3( 2}
MIN3(1)=MIN3(2)
SEC3(2)=SEC3(2)

‘ HEAB(11=HEAD( 2}

' TIMEGaTIMES

READS A SECOND SET OF PITCH AND ROLL DATA

o000

READ(52,END=2100) MONTH3(2),0AY3(2),YEAR3(2),HOURS(2),MIN3(2),
$ SEC3(21,HEAD(2)

TIMES=aDFLOAT(DAY3(2) 1%SECDO+0FLOAT{ HOUR3Z{ 2) 1SECH
$ + DFLOAT(MIN3(2)1%60.00+0BLE(SEC3(2))

GOTO 25

POSITION WITHIN THE TWO SETS IN TIME

[aReNsl

80 RATE*(TIME3-TIMEl)/(TIME2-TIMEl)
PIT=PITCH( 1)+ PITCH(2)-PITCH(1) #RATE
ROLSROLL(1)+(ROLL(2)-ROLL(1) I%RATE
RATE=({TIME3-TIMEG )/ { TIMES-TIMEG)
COURSE=HEAD(1)+(HEAD( 2 )-HEAD( 1) J*RATE

000

COMPUTS THE CORRECTIONS AND THE POSITIONS OF THE TRANSDUCER
CALL PTH(OFFX,0QFFY,QFFZ,COURSE,PIT,ROL,0X,0Y,DZ)

COMPUTES THE UTM COORDINATES

ao0oo

CALL GPUTM!LADEG,LAMIN,LASEG,LODEG, LOMIN,LOSEG,YPOS,XPOS )

XP0OS=XPOS+DX
YPOS=YPOS+0Y

CONVERTS BACK TO 6P

OO0

CALL UTMGP(YPOS,XPOS,LADEG, LAMIN,LASEG,LODEG,LOMIN,LOSEG)
OQUTPUTS THE RESULT

000

WRITE(7) MONTH2,DAY2,YEAR2,HOUR2 ,MIN2,SEC2,
% LADEG, LAMIN,LASEG,LODEG, LOMIN, LOSEG

c WRITE(6,90) MONTH2,DAY2,YEARZ,HOUR2,MIN2,SEC2,

c ® LADEG , LAMIN,LASEG,LO0EG ,LOMIN,LOSEG —~
90 FORMAT{2(1X,I2),1X,14,1X,I2,1X,12,1X>F4.1,2(12%,13,1X,12,1X,F7.41})

(o]
'

c READS ONE MORE POSITION
GaTo 20

-~y v 2

o
28

c END OF PROGRAM

o
3

100 CONTINUE
STaoP
END

L. 3
| AR

0
e

SUBROUTINE PTH(XOFF,YOFF ,ZOFF,COURSE ,PITCH,ROLL,DX,DY,02)

c THIS SUBROUTINE COMPUTES THE CORRECTIONS TQ THE
c COORDINATES DUE TO THE QFSET OF ANTENA IN RELATION

75
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c TO THE TRANSDUCER

[+
PI=ARCOS(-1.0)
ROLL=ROLL*PI/180.
PITCH=PITCH#PI/180.
COURSE 2COURSE*PI./180.
Cc
(o CHANGE SIGNAL OF ORIGINAL DATA TO MATCH THE RIGNT HANO .
(o SYSTEM CONVECTION
c
ROLL=-ROLL
C L ]
COSPHI= COSIROLL)
SINPHI= SIN(ROLL)
COSK= COS!{COURSE )
SINK= SIN(COURSE )
COSW= COS(PITCH)
SINWs SINIPITCH)
c
OX = XOFF #* COSPNI » COSK +
$ YOFF » ( cosuusxmosxmnsmpnx-cosx } o+
$ ZOFF % ( SINW = SINK ~ COSW » SINPHI » COSK )
c
OY = XOFF % COSPHI » SINK % (-1.)
$ YOFF » { COSNNCOSK-SIM*SINPHI!SIM( ) ¢
$ 20FF % ( SINW % COSK + COSHW % SINPHI » SINK )
c
DZ = XOFF % SINPHI -
s YOFF % ( SINN » COSPHI ) +
$ ZOFF # ( COSW ®* COSPHI )
RETURN
END
c
c
SUBROUTINE UTMGP!( NORTH,EAST ,LADEG »LAMIN, LASEG,LODEG »LOMIN, LOSEG)
c
DOUBLE PRECISION A,R,N,B, BP.CP.09.EP.S.RI.ESQ.ESQP.RN.RP,KO
DOUBLE PRECISION R?.Rs,R9,Es,0,az.as,m,es.ee.aé.AP.smssc
DOUBLE PRECISION Rlo.OLAH,NORTM.EAST.RPHI.DPNI 1 PHIMIN
OOUBLE PRECISION EPRIHE.DELTA.ObNLH.CH,PHI.Lm.PI
REAL LASEG,LOSEG
¢
c THIS SUBROUTINE COMPUTS THE UTM COORDINATES OF GP IN WGS 72
c IN ZONE 10 CENTRAL MERIODIAN 123 GO 00 W
c
CM=-123.0p0
C
A36378135.000
R=298. 26D0
c
K0z0.9996D0
[
P120ARCOS(~-1.D0)
B = A®(R-~1,D0)/R
C
N = (A-8)/(A+8)
AP = A%((1.00-N)+5.00/6.00%! N2 -NR#3 ) 481, 00/66 ., DOW( Nitsss <R | )
8P = s.owz.noum(N—N»z107.00/3.oo-(Nﬂs-Nmnss.DO/sto.oo*m-s1 .
CP 2 H.OO/lb.DoﬂA-!NﬁZ-N«SGS.00/6.00*!N*N~N**5)) d
op = 35.00/68.1:)0-"(an-N-mql.DO/ls.oo»NnSJ j
EP = 315.00/512.00%Aa8( NG - N %S )
[
[ FIRST APROXIMATION OF PNI '
¢ b
PHI=NORTH/30.800/3600.00 :
¢ \
C COMPUT TRUE MERIDIONAL DIST AND APROXIMATE PHI .
c 3
D0 100 I=],8 i

L]
.
[
\
\
\
I
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PHIMIN=PHI60.00%2. 908882086660-4
RPHI=PHI/180.00%P1
S = APRPHIMIN-BP*#DSIN( 2.DO®RPHI )+CP¥DSIN(4.DO®RPHI )
$ ~DPHOSIN( 6. DOXRPHI ) +EP%DSIN( 8. DORRPHI }
Rl = KOuS
DELTA=NORTH-R1
PHI=(DELTA/30.8/3600. )+PHI
100 CONTINUE
RPHI=PHI/180.D0%PT

SINSEC = (1.00/360000)/180.00#PT
SINSEC = DSIN(SINSEC)

ESQ 2 (AMNZ2-BMNZ )/ANNZ
ESQP = ESQ/(1.00-€5Q}
RM = A®(1.DO-ESQ)/(DSQRT(1.D0-ESQGRDSIN(RPHI )##2 ) )#n3

RP = RM#(1.D0+ESQP*0COS(RPHI 1##2)

R7Z(DTANIRPHI 1/1 2, DO#RP##2%SINSEC ) }#( 1. DO+ESQP#OCOS( RPHI 1#n2)
$ #1.012/K0%%2

R8=({ DTANI{RPHI )/( 24 . DORRP##GuSINSEC ) i#(5.00+3 . DO#OTAN( RPHI w52
$ +6 . 00#ESQPROCOS|{ RPHI )#%2-6 . DORESQPROSINI RPHT 1802 -3 . DORESAP##2
$ #OCOS{RPHI )##4~9 DORESQP##2#DCOS( RPHT I #u2R0SIN( RPHI 1nn2 )
$ %1, D24/XDwwg

R921.D00/DCOS(RPHI )/ RPHSINSEC I1#]1.06/K0

R10=1.00/DCOS(RPHI )/16.DONRPunINSINSEC I#(1.D0+2. DOROTAN(RPHI Jun2
$ +ESQP*OCOS(RPHL 142 )#1 . D18/K0Own3

EPRIME=EAST -500000.D00

Q = .0O0DOD1DOXEPRIME

Q2 = Que2

QI = Qun3

Q% Qs

Qs Quns

Q6 = Qune

DONUMzQo#DTANI RPHY )

D63(DeNIM I/ 720. DOnRPu#euSINSEC 1%( 61 .D0¢90. DORDTAN! RPHT J#n2
| s +45. DORDTANI RPHI 1#04+107 . DORESQPHDCOSI RPHT 1ne2
) 3 ~162.00RESQPRDSINI RPH] 1#%2-45 . DORESQPHOTAN( RPHI )2

$ #OSINIRPHT j%n2 1#1.036/K0n+6
ES=1Q5%1.00/DCOSIRPHI 11/1120.00#RP#%S#SINSEC )% 5.00+28.00
\ $ #OTANI RPHI )%%2+24 . DO#DTAN(RPHI w446 . DORESQPHDCOSI RPHI 1 %42
" $ +8 . DORESQP#DSINI RPHI jun2 )u) D30/KO#RS

DPHI={ -R7%Q2+ROQ%-06)/3600.00
OLAM=1 RO9#Q-R1OMQ3+E5 )/3600.00
PHI3PHI +DPHI

LONZCM+OLAM

CALL OMS(PHI,LADEG,LAMIN,LASEG)
CALL DMSILON,LODEG, LOMIN,LCSEG)
RETURN

END

SUBROUTINE GPUTM{LADEG,LAMIN,LASEG,LODEG, LOMIN, LOSEG .NORTH,EAST )

OOUBLE PRECISION A,R,N,AP,BP,CP,0P,EP,S,R]1,ESQ,ESQP,RM,RP KO
DOUBLE PRECISION R2,R3,R¢,R5,P,P2,P3,P4,P5,P6,A6,B5,SINSEC
DOUBLE PRECISION PHI,DLAM,NORTH,EAST,B,PHIMIN,PI,LON

REAL LASEG,LOSEG

THIS SUBROUTINE COMPUTS THE UTM COORDINATES OF GP IN WeS 72
IN ZONE 10 CENTRAL MERIDIAN 123 00 00 W

[aNasNsNe]

CM=-123.000

PHI=OF LOAT(LADEG )+DFLOAT( LAMIN)/60.00+DBLE(LASEG)/3600.00
LONZOFLOAT(LODEG }+OFLOAT{ LOMIN)/b0.DO+DBLE( LOSEG 1/3600.00
LON=-(ON

DLAM=1 LON-CM )#3600.000
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A26378135.000
R=298.2600

K030. 999600
B = A®(R-1.00)/R

N = (A-B)/(A+B)
= AB((1.D0-N)+5,00/¢.00%( Nat2-Nw#3 1+81.00/6%. DO%( NR##G-N##S ) ) .
2 3.D0/2.00%A%( (N-N##2)+7_D0/8.00%( Nsn3~Nuus 1455 . 00/ 64 . DOsN®RS )
CP = 15.00/16.D0%A( Nen2-N%%34+3.D0/% ., DO*( NG -N#RS ) }
2 35.00/48.00%A% N3 -N##G+11.00/16. DOMNNSS )
= 315.D00/512. DOMAM! N##%G -Nw»5 )
PHIMIN = PHI®60.D0#2.908882086660-4 )

m
h-J
[

PI=DARCOS(-1.D00)
PHI=PHI/180.00%#P1

S = AP#PHIMIN-BP*DSIN( 2.00#PHT 14CPROSINI(4.00#PHT )
$ - DPxDSIN(6.D0%PHI )+EPHDSINIS.DONPHI )
Rl = KONS

SINSEC 3 (1.00/3600.00)/180.00#P1
SINSECsOSINISINSEC)

ESQ = (AMR2-BEn2)/AMN2
ESQP = ESQ/(1.D0-ESQ)
RM = A%(1.D0-ESQ)/(DSQRTI(1.00-ESGROSINIPHI Jin2 ) )#n3

RP = RM#{1.D0O+ESQPRDCOS! PHI )2 )

R2 3 RP#OSIN(PHI }#DCOS(PHI )SINSECH*2/2.00%K0On1 . 008

R3 = SINSECHNG#RP®DSIN(PHI )#DCOS PHI }##3/26.00%({5.D0-DTAN(PHI 1##2
$ ¢+ 9.00%ESQP*DCOS! PHI 1##2+4  DORESQP#ESQPROCOS( PHI )G |#K0O%*1.016

R4 = RP#DCCS(PHI INSINSECHKO»].D4%

RS = SINSECH#%INAP®DCOS(PHI 1n%3/6.D00%(1.00-OTAN(PHI 12
$ + ESQP*0COS(PHI 1a%2 )uK0x] . D12

P = ,000100%0LAM
z Pun2
= Pand

PG = Pund
2 Puns
= Punb

A6 2 PouSINSECH:6#RP*OSIN( PHI 1#DCOS( PHI 1##5/720.00
$ * 161.00-58.DORDTAN(PHI }#%24DTANI PHI ) nig
$ + 270.D0%ESQPHOCOS( PHI )#%2-330. DOXESQPHOSIN( PHI 1#%2 1%KOn]1 . D26
B5 = PSNSINSECHRSRRPHOCOS(PHI 1##5/120.00%(5.00-18.00#0TANI PHI }#x2
$ + DTAN{PHI j#nG+14 . DORESQP*DCOS( PHT )2
$ - 58.00#ESQPHDSINI PHI 12 )#0O*1.020
NORTH=R1+R2%P2+RINPG+AG
EAST={RG#P+RE#P3I+B5)+500000.00
RETURN
END

SUBROUTINE OMStDEC,LDEG,MIN,SEC)
OOUBLE PRECISION DEC,)XNUM,XMIN

XNUM=0ABS DEC)

LOEGDINT ( XM)
XMIN=(XNUM~OFLOAT( LOEG) 1#60.D0
MIN3DINT(XMIN)

XM= XMIN-DFLOAT{ MIN) I*60.D0
SEC=SNGL I XNUM)

If (LDEG.GE.360) LDEG=LDEG-360
RETURN

END

(2]
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//G0.FT06F001 DD SYSOUTan
//G0.FTQ7FO01 OO DSN=MSS. S0812.FALCON. TRANSDUC . POS »DISP=SHR
//G0.FT50F001 DD DSN=MSS. S0812.FALCON.ANTENNA . POS »DISP=SHR
) //GO.FTS51F001 DD DSN=MSS.50812. PITROLL,DISP2SHR
//GO.FT52FO0L DD DSN=MSS -S0812.S0AS.COURSE »DISP=SHR
7/
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APPENDIX D
PROGRAM PLOT. SOURCE LISTING
//EZEQUIEL  JOB (0812,9999), EZEQUIEL',CLASSC

4 EXEC FRTVCLGP
//FORT.SYSIN 00O =

t
c PROGRAM PLOT
c
c RUNS IN FORTRAN VS
¢
¢ AUTHOR: AUGUSTO EZEQUIEL
c
C DATE : 26 JANUARY 1987
c
c THIS PROGRAM MAKES A PLOT OF THE POSITIONS OF THE SHIP
c
c
DOUBLE PRECISION XPOS,YFJS,XLEFT,YLEFT,TIMEL,TIME2,SECD,SECH
REAL SECS,XPLT,YPLT,BLXH,BLYH,SCALE ,VALUE ,LASEG,LOSEG
INTEGER MONTH,YEAR,DAY ,HOUR,MIN,IPEN,LADEG , LAMIN,LODEG , LOMIN
c
, c PLOTTER INITIALIZATION
c
| CALL PLOTS (0,0,0)
CALL PLOT (2.,2.,-3)
IPEN=3
c
c DIMENSIONS OF SHEET, LEFT CORNER AND SCALES
c
BLXH=36, i
BLYHZ49,
XLEFTz564800.00
YLEFT=4037000.00
SCALE=1.,/10000.
c INITIALIZATION OF CONSTANTS
c
TIME1:0.00
SECH=3600.D0
SECD=24.00RSECH
c .,
c GRID R
c -
~ -
CALL PLOT 10.1,0.1,3) .
CALL PLOT (0.1,BLYH-0.1,2) N
CALL PLOT (BLXN-0.1,BLYH-G.1,2} 2
CALL PLOT (BLXH-0.1,0.1,2) (]
CALL PLOT (0.1,0.1,2) ~
c S
¢ TITLE N
c e
CALL TITLE -
c -
c SCALE -
¢ g
CALL METER(SCALE) :
c o
c READ THE DATA ¢
c o
10 CONTINUE ;
READ( 51 ,END=50 JMONTH ,DAY . YEAR ,HOUR N

$ MIN,SECS,LADEG,LAMIN,LASEG,LODEG, OMIN,LOSEG

o » o u—
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COMPUTES THE UTM COORDINATES

OO0

CALL GPUTM( LADEG,LAMIN,LASEG,LODEG,LOMIN,LOSEG,YPOS,%XPOS)

COMPUTES THE TIME IN SECS

OO0

TIME2=SECD*FLOAT(DAY )+SECHN¥FLOAT( HOUR )+60 . DO*FLOAT(MINI+SECS

COMPUTES THE PLQTTER COORDINATES

oo

APLT ={ XPOS-XLEFT )NSCALE*100.
YPLT=(YPOS-YLEFT 1#SCALE#100.

TESTE IF INSIDE AREA

aon

IFIXPLT.LT.0.) GOTO 30
IF(YPLT.LT.0.) GOTO 30
IF(XPLT.GT.BLXH) GOTQ 30
IF(YPLT.GT.BLYH) GOTO 30

TESTS IF POSITIONS ARE AWAY MORE THEN 10 SECS IN TIME

OO0

IF(TIMEZ-TIMEL.GT.10.00) IPEN=3
TIME1=TIMEZ2

PLOTS THE POSITION

O0oOa0

CALL PLOTI(XPLT,YPLT,IPEN)
IPEN=2

PLOTS THE TIME EVERY 05 MINUTES

[¢ R g N e}

IF(MOQ(MIN,C5).GT.0.0R.IFIXISECS).GT.0) GO TO 10
VALUE 3FLOAT(HOUR 1%100+FLOAT{MIN)

CALL NUMBER(APLYT+0.15,YPLT+0.15,0.25,VALUE,0.,-11}
CALL SYMBOLIXPLT,YPLT,0.15,3,0.,~1)

GOTO 10

PEN UP WNILE THE POSITIONS ARE OUT OF THE SHEET

[e X s N3]

30 IPEN=3
GOTQO 10

END QF pPLOTY

o000

50 CALL PLOT(0.,0.,+999)
STOP
END

SUBROUTINE METER{SCALE)

(2]
Y

X0326.0
Y0=2.0
CALL PLOT(XO,Y0,-3)

&
[

00 10 J=1,12

Xp= FLOATIV)-1.0

CALL PLOT(XP,0.0.3)

CALL PLOT(XP,0.25,2)
10 CONTINUE

o
. - 1 N
-

-'! "

O
v

0o 20 J=1,9

XP=FLOATiJ)»0, 1

CALL PLOTIXP,0.0,%3)

CALL PLOT(XP,0.2.,2)
20 CONTINUE

CALL PLOT(0.,0.0,3)
CALL PLOTt11.,0.,2)

31
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CALL PLOT(0.,0.2,3)
CALL PLOT(11.,.2,2)

o
VALUE=1./SCALE/100.
CALL NUMBER(-0.25,0.27,0.25,VALUE,0.0,-1)
CALL NUMBER(0.95,0.27,0.25,0.0,0.0,-11
VALUE=5,0/SCALE/100.
CALL NUMBER(5.775,0.27,0.25,VALUE,0.0,-1) v
VALUE=10.0/SCALE/100.
CALL NUMBER(10.7,0.27,0.25,VALUE,0.0,-1)
CALL SYMBOL(5.5,-0.50,.25,6HMETERS,0.0,6)
c
CALL SYMBOL(5.5,24.0,2.0,62,0.0,-1)
CALL SYMBOL(5.7,26.5,0.4,85,0.0,-1)
X0=-X0
Y0=-Y0
CALL PLOT(X0,Y0,-3)
¢
RETURN
END
c
SUBROUTINE TITLE
c
X0=26.5
Y0243.05
CALL PLOTIX0,Y0,-3)
c
CALL SYMBOL(00.0,3.5,0.25,294 NAVAL POSTGRADUATE SCHOOL ,0.,29!}
c
CALL SYMBOL(00.0,3.0,0.25,29HSEAFLOOR BENCHMARK EXPERIMENT,0.,29)
c
c
CALL SYMBOL(00.0,2.5,0.25,29H PHASE II ,0.,29)
¢
CALL SYMBOL(06.0,2.0,0.25,29H R/V POINT SUR 0. ,29)
c
CALL SYMBOL(00.0,1.5,0.25,29H 16/17 AUGUST 1986 40.,29) )
c
Cx CALL SYMBOL(G0.0,1.0,0.25,294 GESAR SOLUTIONS ,0.,29)
c
CALL SYMBOL(00.0,1.0,0.25,29H TI4100 v0.,29)
c
Cx CALL SYMBOL(00.0,1.0,0.25,29H MINI RANGER FALCON 10.,29)
c
CALL SYMBOL(00.0,0.5,0.25,29H ANTENNA POSITIONS 10.,297
c
C CALL SYMBOL(00.0,0.5,0.25,29H TRANSDUCER POSITIONS ,0.,29) ;
c .
c .‘
CALL SYMBOL(00.0,0.0,0.25,29H LEDR AUGUSTO EZEQUIEL »0.,29} -
C -
CALL PLOT(-0.2,-0.2,3) -
CALL PLOT(-0.2,3.95,2) .
CALL PLOT(7.5,3.95,2) |
CALL PLOT(7.5,-0.2,2) .
CALL PLOT(-0.2,-0.2,2) .
c .
X0=-X0 ;
YO=-Y0 .
CALL PLOT(X0,Y0,-3) )
c 1
RETURN
END
¢
¢
c
¢

SUBROUTINE GPUTM(LADEG,LAMIN,LASEG,LODEG,LOMIN,LOSEG,NORTH,EAST)

O

DOUBLE PRECISION A,R,N,AP,BP,CP,DP,EP,S,R1,ESQ,ESQP,RM,RP,KO
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DOUBLE PRECISION R2,R3,R4,R5,P,P2,P3,P4,P5,P6,A6,85,SINSEC
DOUBLE PRECISION PHI,DLAM,NORTH,EAST,B,PHIMIN,PI,LON
REAL LASEG,LOSEG

c
c THIS SUBROUTINE COMPUTS THE UTM COORDINATES OF GP IN WGS 72
c IN ZONE 10 CENTRAL MERIDIAN 123 00 00 W
c
CM=-123.000
PHI=DFLOAT( LADEG )+DFLOAT( LAMIN)/60.DO+DBLE { LASEG 1/3600.00
LON=OFLOAT( LODEG ) +DFLOAT ( LOMIN )/60.D0+DBLE ( LOSEG }/3600.00
LON=-LON
DLAM={ LON-CM}%3600.000
c
i A=6378135.000
. R=298.2600
; c
K0=0.999600
£
B = A®(R-1.D0)/R
c

N = (A-B)/(A+B)

AP = AX((1.DO-N)+5.D0/4.D0%{ N##2-N#%3 )+81.00/64 . DO#%( Nwwd~Nx%5 ) )
) BP = 3.00/2.D0%A%( (N-N»#%2)+7.00/8.D0%( N#*3-NuxG )+55, 00764, DON»*x5 )
CP =2 15.D00/16.00%A%( N2 -N#%3+3 . 00/4 . DOx( N3#G=—NWXS ] )
BP = 35.00/48.DO%A%({ NI -N¥%G+11.D0/16.DO%NHE )
EP = 315.D0/512.D0%A%( N3G ~N#%5 )

PHIMIN = PHI%60.D0»2.90888208666D-4
PI=DARCOS(-1.00)
PHI=PHI/180.00%pP1

S = APHPHIMIN-BP®OSIN{( 2.DOXPHI )+CP*DSIN( &.DOXPHI )
~ DP*OSIN(6.00#PHI )+EP®DSIN(B.00%PHI)
Rl = KOxS

SINSEC = (1.D0/3600.D0)/180.00%PI
SINSEC=DSIN(SINSEC)

ESQ = (AN¥2-B¥%2)/AN%2
ESQP = ESQ/(1.00-ESQ)
RM = A%(1.D0-ESQ}/(DSQRT(1.00-ESQROSINIPHI J3en2) )3n3

RM#*( 1.D0+ESQP*0QCOS(PHI J¥%2)

RP*DSIN(PHI )%*DCOS( PHI J*SINSEC*#2/2.D0%K0%*1.008
SINSECHHG¥RPROSING PHI )#DCOS PHI 1#%3,/26 . DG%*( 5. D0-DTAN( PHI 13632
$ ¢+ 9.D0%ESQP*DCOS(PHI %244 DOXESQPHESQP*#DCOS( PHI 1334 )#K0*1.016
R4 RP*0COS( PHI IXSINSECHKO®1. D%

RS = SINSEC#*3%RPXDCOS(PHI )1%%3/6.00%(1.D00~-DTAN(PHI 13%2

$ + ESQP»*DCOS!PHI )22 )#K0%1.012

0
N
nwaa

P = .0001D0%DLAM
Pax2
Pun3
Pus
Puns
Pung

o
£
W ®raa

A6 = PENSINSECH%6%RPHOSING PHI 1xDCOS( PHI )##5/720.00
$ # (61.00-58.D0%DTAN(PHYI Jx%2+0TAN( PHI )%k
$ + 270.00%ESGPXDCOSI PRI 1##2-330. DOXESQP*DSIN( PHI )%x2 )#KO%].024
B5 = PSHSINSECH#*S5*¥RP%0DCOS(PHI j%%#5/120.00%(5.00-18.00%#0TAN(PHT )ex2
$ + DTANIPHI }#xG+164 DORESQP*DCOSI PHI ;%2
$ - 58.00%ESQP#OSIN( PHI 1%%2 1#K(Q%*1.020
NORTH=R1+R2#P2+R3%PG+A6
EAST=(RG®P+RS%PI+B51+500000.00
RETURN
END
/%
//GO.PLOTPARM DO »

O
[P
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8PLOT XMIN=0.,XMAX=38.,YMIN=0. »YMAX=51.

»SCALE=1. ,UNITS=2.540 &END
7//GO.FTO6F001 DD SYSOUT =%
//G0.FT51F001 OD DSN=MSS.50812.GPS.POS. ANTENNA »DISP=SHR
/7
i
q
N
d
3
i
4
y
d
y
y .
4
>
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APPENDIX E
PROGRAM CVFICA. SOURCE LISTING

//JOBCVFI JOB (0812,9999), 'EZEQUIEL',CLASS=C
//*MAIN ORG=NPGVM1.0812P,LINES=(99),CARDS=(99)
° //%FORMAT PR,DONAME=GQ,FT06F001,
//%FORMS=SEP1
144 EXEC FORTVCLG
//FORT.SYSIN DD #
PROGRAM CVFICA
AUTHOR: AUGUSTO EZEQUIEL
DATE: MARCH 17, 1987

DESCRIPTION:

THIS PROGRAM CONVERTS THE FICA FILES INTO THE
INPUT FORMAT OF THE KALMN PROGRAM AND GIVES
GENERAL INFORMATION ABOUT THE DATA

O0O0O00000

OOUBLE PRECISION FPI{500),TP,PB,HD,RLIOFF,RL20FF

DOUBLE PRECISION Q1,Q2,PI,C,V0S,K1,K31,K32,TLDLL,TLPLL
DOUBLE PRECISION POBPC,PDBC,CN1(%1,CN2(4),CR1(4},CR2(G)
DOUBLE PRECISION DOP1(4%),00P2(%),8LC,BPOC,SGR1(4),SGR2(4)
DOUBLE PRECISION SGD1(%);SGD2(4),K2,K4,TT,M,AG,ESQ

OOUBLE PRECISION TOCS,AS(3),ADC,CRSS,DNS,M0S,CUCS,ES,CUSS
DOUBLE PRECISION SQAS,TOES,CICS,OMEGS,CISS,IOS,CRCS,HS
DOUBLE PRECISION OLAT,0LOG,DHT

COUBLE PRECISION OMEDS,ADE,IDOTS,X,Y,Z,RO8L

REAL LASEC,LOSEC,SEC

INTEGER INTG(500),BLOCK,TYPE,NCI,NII,NFI,LAMIN,LOMIN,LADEG,LODEG
INTEGER TRACER,MQVEL(4),ISAT(4),INDEX,SAT ,INKNOS,IEDATS,NSAT
INTEGER IO,STDAY,MONTH,YEAR,HOUR,MIN,DAY

INTEGER STAT(4)

CHARACTER®8 CHI(500)},TITLE(10)

CHARACTER*5 BLK

LOGICAL SAVE,FIRST

SETS DEFAULT METEQ DATA

[e X2 X9]

DATA TP,PB,HD /15.,980.,75./

SETS THE PARAMETERS OF WES72

[eNe Nyl

DATA AG, ROBL /6378.135000,298.2600/

FLAG TO SAVE DATA ONLY WHEN THERE IS NAVIGATION DATA
FOR ALL TRACERS

o000

SAVE= FALSE.

FLAG TO SAVE INFORMATION DATA AS TYPE 1 ONLY ON FIRST
CASSETTE

o000

FIRST=.TRUE.

ECCENTRICITY SQUARED OF REFERENCE ELLIPSOID

OO0

ESQ=(2.00-(1.00/R0BL 1 3/R0OBL

[ 2K}

Q13154.00
Q2=2120.00

c COMPUTS THE VALUE OF PI IN DOUBLE PRECISION

835
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P1=0ARCOS(-1.00)

SPEED OF LIGHT  (KM/SEC)

o000 (9]

€=299792.45800

NOMINAL SATELITE FREQUENCY

noo

v0sS=10.2306 *
CALCULATION OF CONSTANTS TO BE USED IN THE SGIMA COMPUTATIONS

(g Na gl

K1={C/VOS )%%2 -
K312(C/1 2. DORPINVOSRGL ) )32
K32=2(C/(2.00#PI#VOSHQZ ) )32

s ReNy)

RL1OFF=-6000.00
RL20OFF=7600.00

oo0o

M=4.00
TLOLL=.700
TLPLL=.7D0O
POBPC=100.00
PDBC=100.00

SETS THE FLAGS FOR NOT HAVING THE EPHEMIS DATA

OO0

00 3 I=1,4
3 STATI(I)=0

PRINTS OUT THE IDENTIFICATION OF THE PROGRAM

[1 X2 X 1]

|
]
3
' WRITE(6,2)
2 FORMAT(1HY,////77/77

375" I I I I NI NN FE IS I I I S SRR

YN 33T I HE NI T8 S S A I I 3 I 6% *

3/ s % .
2! % OUTPUT OF THE PROGRAM CVFICA THAT CONVERTS sx'
» et %% THE FICA FILES TO A FORMAT READABLE BY THE wx'
' e PROGRAM KALMNZ e
' % LN
2y IETHEHE I IR I35 H-HEHE G HHE R 6 3¢ *
,/,' TG TN - TN SN SIEI6- 0006 S-S S
NI2227728)

BB BBURBESN

READS THE TITLE FROM THE FILE AND CONTROL INFORMATION

o000

READ(31,5,END=2000)TITLE
WRITE(6,5) TITLE
REAQ(31,5,EN022000)TITLE
WRITE(6,5,END=2000) TITLE
5 FORMAT(10A8) !
READ(31,%,END22000) MONTH,STDAY,YEAR “
WRITE(6,6) MONTH,STDAY,YEAR ‘
6 FORMAT(///,
# ' DATE OF STARTING GPS WEEK (MONTH DAY YEAR) ',I3,I3,I5) ‘

c

c INPUTS THE DATA FROM THE COMMAND FILE

c
READI31,»,END=2000) NSAT, K2, K&
READ(31,#,END=2000) X,Y,Z
WRITE(6,1) NSAT,K2,K4,X,Y,Z

1 FORMAT (' NUMBER OF TRACERS '»120,/,
3 ' RANGE SIGMA BIAS FACTOR ',E20.8,/,
36
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s ' DOPPLER SIGMA BIAS FACTOR ',E20.8,/,

# ' ESTIMATE RECEIVER POSITION',/,

# ! X COORD',F20.6+/»

3 ' Y COORO',F20.6,/,

s ! Z COORD',F20.6,/)
c
CIHEHEHHEHEHHHRHEHEHOEHHHOOH O HEHEHHEHHEHEHEEUH HHE
Cxx  INPUT OF A FICA BLOCK L]
C I B HHHHHHHHEHHEHHHEHEHHHDHOHEHHEHEHEHHEHHHOHEHHHHHOHEH
c

- c READS THE CONTROL BLOCK INFORMATION

c

10 READ(50,20,END=2000) BLK,BLOCK,NFI,NII,NCI
20 FORMAT(AS,415)

c READS THE FLOATING PART DATA IF ANY

IF INF1.EQ.0) GOTO 35
READ(50,30,END=2000) (FPILI},I1=21,NFI)
30 FORMAT(4D20.16)

c
c READS THE INTEGER PART IF ANY
c

35 CONTINUVE
IF (NI1.EQ.0) GOTO 45
READ(50,40,END=2000) (INTG(I),I=1,NII)
40 FORMAT(6I12)

Cc
[of READS CHARACTER PART DATA 1IF ANY
c
4

5 CONTINUE
IF {NC1.EQ.0) GOTO 55
READI50,50,END=2000) (CHI(TI),I=1,NCI!
50 FORMAT(10(A8))
55 CONTINUE
IF (BLOCK.NE.6}) GOTQ 100
€ 2636 363636 363636 36 363036 3636 36 336 338 SIS HHHBEEHHMHHRHHEHHHEHHEHEHEHHHHHEHHOEOREHHEHEHH
Cx TRACING DATA [ ]
C I I IHEHHEHIHEE PSSO RS I HEHHHRHEHHOOHHHEHERHHHHEORHE

C
c USER EPOCH TIME OF PSEUDO RANGE
c
TT=FPI(3)
c
c COMPUTES THE DATE
C

CALL SUBITT,DAY,HOUR,MIN,SEC)
DAY=DAY+STDAY

IF NO EPHMERIS DATA AVOIDS COMPUTATIONS

o000

IFt .NOT.SAVE) GOTO 10

L1 CARRIER SIGNAL TO NOISE

0o0Oo0

CN1(1)=FPI(4)
CN1(2)3FPI(5)
CNL1(31s3FPI(6)
CN1(4)=2FPI(7)

L2 CARRIER SIGNAL TO NOISE

o000

CN2(1)=FPI(8)
CN2t 2)=FP1L9)
CN2(31=FPI(10}
CN2{ % )=FPI(11)

L1 PSEUDO RANGE (KM IN FICA FILES CONVERTED TO SECONDS FOR KALMNZ)

o0
R T I SR AR R 4

CR1(1)=FPI(12)W/C
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CR1{2)=FPI(13)/C
CR1(3)=FP1114)/C
CR1t6)3FPI(151/C

L2 PSEUDO RANGE (XM IN FICA FILES CONVERTED TO SECONDS FOR KALMNZ)

o000

CR2(112FPI(161/C
CR2(2)=FPI(17)/C
CR2(3)2FPT(18)/C
CR2(4I=FPI(19)/C

L1 CARRIER DOPLER PHASE

aO0n

DOPL(1)=FPI(20)
DOP1(2)2FPI(21)
DOPL13)=FPII22)
DOPL(4)3FPII23)

L2 CARRIER DOPLER PHASE

aoo00n

DOP2(1)=FPI(24)
DOP2( 2})=FPTI(25)
DOP2(3)=FPI(26)
DOP2(4)=FPI(27)

SV PRN OF EACH TRACER

OO0

ISAT(1)2INTG(1)
ISAT(2)=INTGI2)
ISAT({3)=INTG(3)
ISAT(4)=INTG(4&)

L1,L2 QUALITY FACTOR (TRACER,FREQUENCY)

aaaon

MQVEL{1)=INTG(9}-INTG(13)
MQVEL( Z)=INTG(10)-INTGI( 14)
MQVEL(3)=INTG(11)-INTG(15}
MQVELL ¢ )SINTG(12)-INTG(16)

IF ANY ERRORS FLAGS THE DATA OF THE SATELLITE
00 120 INDEX=1,NSAT

ERRORS IN SIGNAL

a0 a0

IFt MQVEL{INDEX}.EQ.0) GOTO 116
MQVEL( INDEX)=185
11=8+INDEX
12=12+INDEX
HWRITE(6,110) MONTH,DAY ,YEAR ,HOUR,MIN,SEC ,INDEX,INTGII1),INTGI12)
110 FORMAT(/,' =<3 WARNING M¥~ai-ie AT °,
8 2112,1X),14,1X,2(12,':'),F8.2,/,
® ' DATA FROM TRACER °,
1 # I12,' GESAR BAD STATUS ',I5,1X,I15)

MQVEL( INDEX )=15
IF THE DATA IS ALREADY BAD NO NEED TO TEST THE SATELLITE
GOTO 120

NON EXISTENT SATELITE DATA FOR THAT TRAER

ono aOonn 0

114 CONTINUE
IF( STAT(INDEX).EQ.ISAT(INDEX)} GO TO 120

o0

4 WRITE(6,115) MONTH,DAY,YEAR,HOUR,MIN,SEC ,INDEX,
# ISAT(INDEX ),STAT( INDEX)
115  FORMAT (/, ' % % %  WARNING % = #% AT ',

38
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8 2X,T2,1%,12,1%,14,2%X,I2,"':',12,':" »F8.2,/,
s TRACKING TRACER ',I2,' SV *,I2,
#' EXISTING NAV DATA FOR SV ',I2,' FLAGED BAD QUALITY DATA')
MQVEL(INDEX =15
120 CONTINUE

c
c COMPUTS THE SIGMAS
c

00 150 INDEX=1,NSAT
IFI MQVEL(INDEX).NE.O0) GQOTO 150

c
- c CALCULATE L1 AND L2 SIGMA RANGE
c
BLC=TLOLL
BPOC=zPDBPC
. SGRLICINDEX )= (BLCHM)/(10. #%(CN1LINDEX)/10.1 1)
8 * ( 5%BPDC/(10.%%(CN1(INDEX)/10. ) )#K14K2
SGR2UINDEX IS ((BLCHM)/(10. %% CN2I INDEX)/10. 1 1)
3 * |, 5XBPDC/(10.%%#(CN2IINDEX)/10. ) ) I1#K1+K2
c
< CALCULATE L1 AND L2 SIGMA DOPPLER DATA
c
BLC=TLPLL
BPOC=PDBC
SGDL{INDEX)=((BLC*M)/(10.3%%(CN1(INDEX)/10. 1))}
3 % (1.+(.5#BPOC/(10. %% (CNI(INDEX1/10.))) InK3I1+Ke
SGD2(INDEX)=( (BLC*M)1/( 10. %#( CN2( INDEX }/10. 1))
8 ® (1.+0 . 5%BPOC/(10.3%(CNZIINDEX)/10. ) ) )%¥K32+Ké
150 CONTINUE
c
c CUTPUT THE DATA TQ THE FILE IF THERE IS NAV DATA
c
T(PE=3
WRITE(7) TYPE
i WRITE(7) TT, ISAT, CRl, CR2, 00OP1l, DOP2,
| 8 SGR1, SGR2, SGOl, SGDZ, MQVEL
c
[« GO TO READ ANOTHER BLOCK
c
GOTO 10
c

100 CONTINUE
IF (BLOCK.NE.109) GOTO 200
€ 365638 JE3EHEHI36-1-H56 36 3 H I SN AN SHEHHHEHEEEHHEHEH

- C#%  NAVIGATION OATA  (AS TRANSMITED) e
C &3 RIS TN N I S I I H IO HOHEHHEE
o
TRACER=INTG(1)
SAT=INTG(2)
c
c G0 TO READ ANCTHER BLOCK
c
GOTO 10
c

200 CONTINUE
IF (BLOCK.NE.9) GOTO 300

c

35 3 HHHHHEHHHEHHHEHHEHEHEHHEHEE SR O
Cw*  NAVIGATION DATA  (DECODED SUBFRAMES 1 TO 3) L]
€ M EHEHHEHHHEHEHHEEHHEEI I I A 55 33 M S 3
c

o DAY OF WEEK

c

IWKNOS=0INT(FPI(6))
Cxx  IWKNOS=IAND(IWKNOS,1777B)

c
C SV HEALTH
c
TEDATS=0DINT(FPI(9))
c

89
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oo

oo o000 000 OO0

OO0 [s s Ne] [y Ne Nyl non [ Xz Np) nnNno

oo
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CLOCK EPOCH
TOCS=FPIL13)
CLOCK BIAS

(GPS SECONDS OF WEEK)

AS11)3FPIi16)

CLOCX DRIFT

{SEC)

(SEC/SEC)

ASt 21=FPI(15)

CLOCK DRIFT RATE (SEC/SECW™Z)

AS131zFPIL14)

AGE OF DATA (CLOCK)

ADC2FRI(10)

\SEC)

RADIAL SINE CORRECTION ({DIVIDED BY 1000. TO GET KM)

CRSS2FPI1271/1000.

CORRECTION TO MEAN MOTION {RADIANS/SECONOS!

ONS=2FPI{28)

HMEAN ANOMALY AT EPOCH

MOS=FRI(29)

(RADIANS)

IN TRACK COSINE AMPLITUDE {RADIANS)

CUCS=FPI(30)
ECCENTRICITY

€S=FBIi31)

IN TRACK SINE AMPLITUDE (RADIANS)

CUSS=FPLII32)

SQUARE ROOT OF SEMI-MAJOR AXIS CONVERTED TO SQR OF KM

SQAS=FPI(33)#FPI(33)

SQAS=SGAS/1000.00

SQAS=DSQRTIS]AS)

TIME OF EPOCH

TOES=FPIL34)

(GPS SECONDS OF WEEK)

INCLINATION COSINE CORRECTION  (RADIANS)

CICSaFPli46)

RIGHT ASCENSION NODE

OMEGS=FPI(47)

(RADIANS)

INCLINATION SINE CORRECTION (RADIANS)

CISS=FPI(48)
INCLINATION

IOS=FPI(49)

o, f."»’;

*."-.f‘\..-.-. a

-
»

~ "

(RADIANS)
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c RADTIAL COSINE ADJUSTMENT (OIVIDED 8Y 1000 YO GET XM )

c CRCS=*FPI(501/1000.

g ARGUMENT OF PERIGEE {RADIANS )

‘ WS=FPI(51}

g RIGHT ASCENSION OF ASCENDING NQOE (TIME OERIVATIVE)

c [ RADIANS/SEC)
OMEDS=FPI(52)

g AGE OF DATA (SEC)

c ADE=FPI(26)

g INCLINATION TIME DERIVATIVE L RADIANS/SECONDS )

c IDOTS=FPI(54)

g SETS THE FLAG FOR EXISTANCE OF NAV DATA FOR THIS SATELITTE

¢ STAT(TRACER )=SAT

(‘c:: TESTS IF THERE 1S ENOUGH NAV DATA

SAVEs=.TRUE.

00 210 INDEX=],NSAT

IFISTATIINDEX).EQ.D) SAVE=.FALSE.
210  CONTINUE

C
c OUTPUTS THE DATA
c
TYPE=2
WRITE(7) TYPE
WRITE(7) TRACER,SAT,AS(1),AS(2),AS(3),CICS,CISS
8 »CRCS,CRSS,CUCS ,CUSS,UNS ,ES, IDOTS, 10S,M0S
E »OMEDS ,OMEGS , SQAS ,ADE , TOCS , TOES , IMKNGS , KS
8 »IEDATS,ADC
C
c INFORMS THAT NAVIGATION DATA WAS RECEIVED FOR THIS SATELLITE
c
c

WRITE(6,220) TRACER,SAT ,MONTH,DAY,YEAR ,HOUR ,MIN,SEC
220 FORMATI(///,' MIBHBEHHEEHBOREHEEEE I S S ', /

8 R NAVIGATIONAL "'/,
8 ¢ #% DATA FROM TRACER ',I2,' SV ',I3,' RECEIVED w»',/,
L. CoaR LTS T2,1X0 121K, T4, 2K, 12, 10512, LFS. LT e,/
8 U NN HHEHHHHOHEHHHEEER * |,/ / /)
c
[ PRINTS QUT THE WARNING WHEN THE HEALTH IS NOT GOQD
[«
IFC FPI(9) .NE. 0.0 ) WRITE(6,201) TRACER,SAT,FPI(9)
201 FORMAT( /// 2/ 5 ' S3TMHEI S0 SIS0 S008I 00636 36 SO M 38
#,' TRACER ',I3,' SV ',I3,' HEALTH STATUS ' ,F15.6,
2 S 2 T e e e e E o )
c
[+ GO TO READ ANOTHER BLOCK
[«
GOTQ 10

c
300 CONTINUE
IF (BLOCK.NE.101) GOTO %00

<
C I MR S JHHEE IHHHHEHHHHHHEHHHHE A HHEHOHHHRESHEHHEHEEHHEHEHHE
C¥»  BLOCK 1 PLUS INPUT DATA e

© 23636 50 36 356 36 3676 36363030 31638 3 7636 3 H- I H-HEEIHEHEIHEIE I I IR HERHHHEEHE
<

c PRESSURE
C
91
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PB=FPI(1)

TEMPERATURE

o000

TP=FPL(2)

HUMIDITY

oo

HD=FPII(3)

TESTE FOR B8AD WEATHER DATA. CHANGE TO STANDARD VALUES BAD DATA

nonoo

IF (( PB .LT. 800. } .OR. ( PB .GT. 1200. )) P8 = 980.

IF ¢ TP (LT, -99. ) .OR. | TP .GT. +99. )1 TP = 15,

IF (( HD .LT. 1. J .OR. { HD .GT. 100. )) HD = 75,
OUTPUTS THE DATA FOR THE FIRST TIME

IF( .NQT.FIRST) GOTO 10

[2) OO0 0

TYPE=]
WRITE(7) TYRE
WRITE(7) RL1OFF,RL20FF,PB,TP,HD,X,Y,2

SETS THE FLAG

ann

FIRST=.FALSE.

GO TO READ ANOTHER BLOCK

oo

GOTC 10
c
400  CONTTNUE
IF (BLOCK.NE.3) GOTO 460

<
C 369 3000303 S8 S T 36 2696 SN T SN -
Cx¥  GESAR SOLUTION -
C 36 SEIEHA6 36096 398 6363630 HI6- 3 AN SHHE NI TS ST SIS I
c
c SOLUTION USER EPOCH TIME
jod

TT=sFPI(2)
C
C IF NO EPHMERIS DATA DOES NOT KEEP THE DATA
o

IF( .NOT.SAVE) GOTO 10
C
c COORDINATES OF RECEIVER
C

X=FPI(3)

Y=FPIlG)

Z=fFPItS)
c
c COMPUTES THE DATA
[+

CALL SUB(TT,DAY,HOUR,MIN,SEC )

DAY =BAY +STDAY
c
c ONLY PRINTS POSITIONS IF UNCOMENTED
<
[ WRITE(6,450) MONTH,DAY,YEAR; HOUR,MIN,SEC,X,Y,Z
%80 FORMAT (/, ' GESAR SOLUTION AT (MM DAY YYYY MH:MM:SS.SSS)‘,

# X, 121X, I2,1X,14,2%,12)':"912,':',F5.2,
®/," PSN COORD X, ¥, Z (KM) *',F16.3," '»Fl6e.3,"' ',F16.3)

CONVERTS TO LATITUDE / LATITUDE / HT

CALL XYLLH(X,Y,Z,AG,ESQ,0LAT,0L0G,DHT,PI)

[p e} OO0

PRINTS THE RESULTS
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C
[ WRITE(6,455) DLAT,DLOG,DHT
455 FORMAT(' LAT, LON, HT (DEG, DEG, KM) *',2F17.12,2X,Fl2.7)
c
c CONVERTS LATITUDE TO DEGREES MINUTES AND SECONDS
c
CALL DMS(DLAT,LADEG,LAMIN,LASEC)
[+
[ CONVERTS LONGITUQE TO DEGREES MINUTES AND SECONDS
C IN A RANGE 0 TO 180
IF (0LOG.GT.180.00) DLOG=360.D0-DLOG
CALL OMS(DLOG,LODEG,LOMIN,LOSEC)
c
C WRITE( 6,456) LADEG,LAMIN,LASEC,LODEG,LOMIN,LOSEC
456 FORMAT!(' LAT, LON (DEG MIN SEC, DEG MIN SEG) ',212I4,1X,F7.41,/)
C
C OUTPUTS THE DATA TO A FILE
c
WRITE(8) MONTH,DAY,YEAR ,HOUR,MIN,SEC,
B LADEG,LAMIN,LASEC, LODEG,LOMIN,LOSEC
[of
[
C GO TO READ ANOTHER BLOCK
c
GOTO 10
c

460  CONTINUE

IF (BLOCK.NE.13) GOTO 470
c

€ 3363 S MR HOHHHHEHHHEHEHOHHEHEHHHHEHHHERHE
Cxn  TAPE HEADER/TRAILLR nn

C 1763056 0 FH630 38 6 3436 36 96 31036 S-SV JEIHE 63 ST I3 T T F I - 33
c

WRITE(6,461)
46l FORMAT{ / , 5X ) ' #3530 306 3 I 3 ',/
] 5%, ' %% TAPE HEADER/TRAILOR %', /,
s 63X 5 ! NI I 365 I N |, /)
IFU INTGI1).EQ.1) WRITE (6,462!
IF( INTG 1).EQ.2) WRITE (6,463)
IFt INTGi1).EQ.4 ) WRITE (6,464l
IFL INTGI1).EQ.8) WRITE (6,465)

462 FORMAT(' BEGINING OF DATA SET',/!
463 FCORMAT(' END OF DATA SET',/)
Go& FORMAT(' BEGINING OF CASSETTE',/})
o5 FORMAT(® END OF CASSETTE',/)
WRITE(6,666) INTGI2),INTG(Z)
466 FORMATI(® CASSETTE ',IS5,' IN DATA SET',/,
8 ' CASSETTE SEQUENCE NUMBER ',I5)
c »
c GO TO READ ANOTHER BLOCK e
c o
GOTO 10 <
c \4
%70 CONTINUE n
IF (BLOCK.NE.1l) GOTO 480 ‘Y
c s
o IF NO EPHMERIS DATA DOES NOT KEEP THE DATA SO NO NEED TO :‘:
c INFORM THE USER ‘:_.
[« s
IF(.NOT.SAVE) GOTC 10 ;.‘
c N
€ HHH I I H I ST I I 10636 M3 SN S o
Crex RECEIVER ERROR BLOCK i 'q
(€ 363060638 3036 HE J03 4 HET06 T8 6 SR I I H36 F I I SO ~
Cc A
. o
. WRITE! 6,471 ) MONTH,DAY,YEAR,HOUR,MIN,SEC
1 4?1  FORMAT(/,* FPE DI P 2096 HA 246 3696 3 4 IO R ', /
® ' ¢ ERROR BLOCK RECEIVED AFTER : "',/
® ' ', 9%, 20I2,1X),14,2X%,2112,"':"'1,F5.2,8X, " '#n',/,
\)3
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3 : TR S S § 335 RN 8,/ )
C
WRITE (6,472)(INTG(1),1=1,NII)
@72 FORMAT(' ERROR LOG MESSAGE TI ICD FORMAT & 1',I8,/,
x ! 8 2',1I8,/,
3 ! ® 3',18,/,
s ' 3 6',18,/,
’ ' ' S' 'Ia'/'
= ! & 6',18,/, ;
s ' & 7',18./,
’ ' ' 8‘ IIB '/l
] ' ERROR LOG OVERFLOW COUNT ‘18,71
c
c GO TO READ ANOTMER BLOCK
o
GOTO 10
o
<80 CONTINUE
IF (BLOCK.NE.8) GOTO 500
c
c IF NO EPHMERIS DATA DOES NOT KEEP THE DATA SO NO NEED TO
c INFORM THE USER
o
IF{ .NOT.SAVE) GOTO 10
o
€ 3055 M IHEEHHHEE HHEHEHHRHHHEHEEHHHHHHHEEHEHHEEHHEHHEHHEHHHHHEHHHEHEHH R
C##  TRACKING CONFIGURATION el
€ 34 S0 S0 S0 T 38 58 38 S I O HHHHOHHAHRHHHHEHHHEH
c
c COMPUTES THE DATE
c
CALL SUBI(FPI(2),DAY,HOUR,MIN,SEC)
DAY =DAY +STDAY
[
c
WRITE(6,%481) MONTH,DAY,YEAR,HOUR,MIN,SEC
«81 FORMATI(/, "' ST 38 T S I R HHHHERN ' /|
s ! L2 TRACKING CONFIGURATION AT ' ,/,
3 ! L9, 2(T2,1X):16,2X,2012," 1" V,F5.2,8X, 'wx',/,
3 ' 3 T S 3 JEHEEHHEHEEEEERHHHHHNE /)
c
WRITE 16,4821 FPI(1),(FPI(I1,I=3,NFI),(INTG(T),I=1,NII)
482 FORMAT(' PSEUQORANGE FTF OF WALIDITY SEC '5E22.14,/)
3 ' PREDETECTION BANDWITHS HZ FREQUENCY , TRACER',/,
2 QLAELD .14,/ ),/7,
| % ' TRACKING LOOP BANDWITHS KZ FREQUENCY , TRACER' ,/,
L 2 6t GE20.144/)5/,
2 * LOOP ROUND TRIP CALIBRACION OELAYS IN SECONDS ./,
' L INCLUDING PRE-ANTENNA‘,/,' L1 ',E20.14,' L2 ',E20.14,//,
3 ' LOOP ROUND TRIP CALIBRACION DELAYS IN SECONDS ',/,
3 (INTERNAL TO RFM)',/,' L1 ',ER20.14,"' L2 ',E20.14,//,
X ' SV PRN ID OF EACH TRACER ',/,%4lIl5,//,
i % ' ANTENA INDICATOR/TRACER',/,4115.//,
? 3 ' CODE INDICATOR FLAG/TRACER',/,4115,//)
c
, c TESTE IF THE CONSTELATION MATCHES THE EXISTING EPHMERIS
[~ DATA

00 495 INDEX=],NSAT
IF(STAT(INDEX).EQ.INTGIINDEX)) GO TO 495
WRITE(6,490) INDEX,STAT(INDEX),INTG(INDEX)
490 FORMAT(////,' MHEitn st WARNING sttt wtuuin',//,

A
# ' ACTUAL NAVIGATIONAL DATA FOR TRACER ',I2,' IS FROM SV ',I12./, :“\
# ' TRACKING CONFIGURATION SHOWS SV ',I2,//) .
495 CONTINUE 'q
c )
c GO TO READ ANOTHER BLOCK -
C ,:_
GOTO 10 -
- c ‘..
500  CONTINUE :f;
v
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C IS I IS S
Cen  BLOCKS THAT THIS PROGRAM IS NOT PREPERED TO DECODE e
© 05 MR I IO I TN J 2656 336 304 I IOHUHEEHH
c
WRITE(6,501)
501 FORMAT(//, b SEEE RO HEHHEEHHEEHEHHHOHEHRHHEE |
8 /,' =%  FOUND A BLOCK THAT THIS PROGRAM IS NOT #e,
8 /,' w#  ABLE TO DECODE . BLOCK DATA IS DUMPED NEXT ',
] /5" BRI NI NN NI NI I SR 26 4 TR )
WRITE(6,5201 BLK,BLOCK,NFI,NII,NCI
IF (NFI.NE.Q) WRITE(6,530) (FPI(I),I=1,NFI)
IF (NII.NE.O) WRITE(6,540) tINTGIT),1=1,NIT)
IF (NCI.NE.Q) WRITE(6,550) (CHI(I),I=1,NCI!
520 FORMAT(1X,A5,4I5)
530 FORMAT(1X,4E20.14)
540  FORMATI(1X,6I12)
550 FORMAT(1X,10(A8))

c
c GO TO READ ANOTHER BLOCK
c
GOTO 10
c

C IS SHHHERHHHHHHHHBHHHEEHHHHEHEHHEHEHEHHHEHHHBEHHHEHHHHHRHOCHH

c

c END OF PROGRAM
c
2000 CONTINUE
STOP
END
o
€ ¥ HHHREHHERHHHEHEHOHHOHEHHHOHHEOHHEHEHHOHHEH OHEHEHEHEHEEOHHE
c THIS SUBROUTINE WAS TAKEN FROM THE KALMN PROGRAM

C 36763636567 36 3636 36 3636 3636 3 EHIE JEI0 I FEHIE HHEIE 3636 HIEIEJN JEIE I HFIEIEIEIEIE NI I 6 36 H36 NI I I %
c
SUBROUTINE XYLLH

G (X,Y, 2, A6, ESQ ,

R DLAT , DLOG , DHT,PI)
THIS SUBROUTINE CCNVERTS POSITION FROM THE EARTH-CENTERED CARTESIAN
COORDINATE SYSTEM TO THE GEODETIC COORDINATE SYSTEM.
X,Y,Z=ESTIMATE QF RECEIVER POSITION IN KM
AG=SEMIMAJOR AXIS OF REF. ELLIFSOID(RADIUS OF EARTH) IN KM
ESQZECCENTRICITY SQUARED OF REF. ELLIPSOID=(2.-1./08L)/08L
OLAT=GEQDETIC LATITUDE QF RECEIVER POSITION IN DEGREES
DLOG=GEODETIC LONGITUDE OF RECEIVER POSITION IN DEGREES
DHT=GEODETIC HEIGHT OF RECEIVER POSITION IN METERS
PI VALUE OF PI COMPUTED IN QOUBLE PRECISION IN THE MAIN PROGRAM
SINCE LAT=LAT(X,Y,Z,LAT) AND HT=HT(X,Y,LAT), AN ITERATIVE PROCEOURE
IS NECESSARY TO DETERMINE THE VALUES OF LATITUDE AND HT.
THE WORKING EQUATIONS ARE AS FOLLOWS:
HT=(R/COS{LAT ) )~AGl WHERE AG1=AG/(SQRT(1-ESQ#SIN(LAT }%%2))
TANCLOG ) =Y /X
TANULAT }=( (Z+(ESQRSINILAT )%AG1)/R)

ODOOOOO0O0OOONOO0O0O0O0

OOUBLE PRECISION LT , LTl , LG , R » EP ,AGl
DOUBLE PRECISION X , Y » Z , AG , ESQ , OLAT , OLOG , OWY . ©°1

ao

FIND LONGITUDE
LG = DATAN2(Y,X)
IF (LG .LT. 0.00) LG = LG + (2. » PI)
R=0SQRT ( X2 +Y 402 )

(2B e}

A FIRST GUESS FOR LATITUDE WOULD BE ATANIZ/R)
LT1=DATANI(Z/R)

o0

SOLVE FOR LATITUDE BY ITERATIONS
DO 10 I=1,5
AGL1=AG/(DSQRT( 1 .DO-ESQROSINIL7. »e’
LT=DATANG { 241 ESQROSINILTL 1#aG ! L
EP=DABSILT-LTL)
IFtEP.LE. .000C00001D0 ., 3CC 6

LTt TR ety g€, o e RLe RS il
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BRI LA G m—— T

LT1 = LT
10 CONTINUE
§  AG1*AG/(DSQRT(1D0-ESQHDSIN(LTL }m#e2))
c
c FIND HEIGHT

OHT2( (R/DCOSILT) )~AGL)
C CONVERT DLAT AND DLOG FROM RADIANS TGO DEGREES
OLAT=LT»180.00/P1
OLOG=LG»1280.00/P1
RETURN
END

CHHEHHHHHHHHHHHHHHEHEHHEHHHHHHHOHHHHHHHHESHHHHHHHHHHHHEHHEHHEHHHHHEHHE
C  THIS SUBROUTINE CONVERTS DECIMAL DEGREES IN DEGREES MINUTES SECONDS
G HHHEHEHHHHHHHHHHHHHHHHEHHHHHHEHHHHEHEEH HHHHHHHHHHEHHAHEE A
(~

SUBROUTINE OMS(DEC,LDEG,MIN,SEC)
c

DOUBLE PRECISION DEC,XNUM,XMIN
c

XNUM=0ABS( DEC )

LOEGaDINT ( XNUM)

XMIN=(XNUM-DFLOAT(LDEG) 1%60.00

MIN=DINT(XMIN}

XNUM= ( XMIN-DFLOAT(MIN) )1%60.D0

SECESNGL L XMNM)

IF (LDEG.GE.360) LDEG=LDEG~-360

RETURN

END

FHHEHHHHRHHHHHEHHHHHHEHHHEHHHHHEHHBHHHHHHHHHHHHEHHRHHHHESHHEHHHHNEN

THIS SUBROUTINE CONVERTS TIME TAG IN OAYS HOURS MINUTES SECONDS
S HHHHHHHHHEHEHHHHEHHHHHHHOHHHHHHEHEHEHHHHHEOHHHHHEHES

OONO0On

SUBROUTINE SUBI(TT,DAY,HOUR,MIN,SEC)
INTEGER DAY, HOUR, MIN

OOUBLE PRECISION TIME,TT

REAL SEC

TIME=TT

DAY = DINT(TIME / (24.00%3600.00))
TIME = TIME - DFLOAT(DAY) * 24.DC » 3600.00
HOUR = DINT(TIME / 3600.00)

TIME = TIME - DFLOAT(HOUR) »# 3600.00
MIN = DINT(TIME / 60.D0)

TIME = TIME - DFLOAT(MIN) #* 60.00
SEC = SNGL(TIME)

RETURN

END

V4 ]

//G0.FT06F001 DD SYSOUTs»

//GO.FTO7FOUL1 DO DSN=MSS.S0812.CVFICA.OUTPUT,DISP=SHR
//GO.FTO8F001 DO DSN=MSS.S0812.GESAR.POS,DISP=SHR
//GO.FT31F001 DD DSN=MSS.S50812.CVDATA,DISP=SHR

//GO.FTS50F001 DD DSN=MSS.S50812.GPS.TAPES.DATA(DL28S),0ISP=SHR

/"’ DD DOSNaMSS .S0812.GPS.TAPES.DATAIDL284),DISP=SHR
4 0D OSNs=MSS.S0812.GPS.TAPES.DATA(DL286),DISPsSHR
Ved DD OSN=MSS.S0812.GPS.TAPES.DATA(DL287),0ISP=SHR
124 00 OSN=MSS.S0812.GPS.TAPES.DATA(DL288),DISP=SHR
/7 DD OSN=MSS.S0812.GPS.TAPES.DATA(DL289),0ISP=SHR
144 00 OSN=MSS.S0812.GPS.TAPES.DATA(DL290),0ISP=SHR
/7 00 OSNsMSS.S0812.GPS.TAPES.DATAIDL291),0ISPaSHR
V4 00 DSN=MSS.S0812.GPS.TAPES.DATA(DL292),DISP=SHR
4




APPENDIX F
PROGRAM TRANSDUC GPS. SOURCE LISTING

¢
f
‘\
¢
.
v
\]

/7 JOBTRANS JOB (0812,9999), 'EZEQUIEL' ,CLASS=C

/77%MAIN ORGZNPGVML.0812P,LINES=( 99),CARDS>(99)
- //%FORMAT PR,DONAME=GO.FT06F001,

//%FORMS=SEP1

7/ EXEC FORTVCLG

//FORT.SYSIN 00 =

PROGRAM TRANSDUC GPS

AUTHOR: AUGUSTO EZEQUIEL
DATE: MARCH 30, 1987

DESCRIPTION:

THIS PROGRAMS TAKES EACH POSITION OF THE ANTENNA,

THE COMPUTED COURSE { FILTERED OR NOT )} ,THE PITCH

AND ROLL DATA, AND COMPUTES THE POSITIONS OF THE
TRANSDUCER, APLYING THE SEVEN PARAMETER TRANSFORMATION

TO THE OFFSETS OF THE TRANSDUCER IN RELATION TO THE ANTENNA
CONSIDERED THE CENTER OF COORDINATE SYSTEM AND THEN ADDING
THE CORRECTIONS TO THE COORDINATES.

THE PROGRAM RUNS IN MVS
I/Q SPECIFICATIONS: SEE END OF THIS JOB.

THIS PROGRAM 1S RESTRICT AS IS TO THE SEAFLOOR BENCHMARK
EXPERIMENT

THE PROGRAM WILL RUN WITH ANY AMOUNT OF DATA ONLY LIMITED TO DISK
SPACE

ANY BLANK LINES WILL TERMINATE THE PROGRAM IN ERROR

(e X N Rt s N e N R Nz N N e N R N NN e N R N N e N2 N N o Rs Mo NN o X s)

DOUBLE PRECISION XPOS,YPOS,TIMEL,TIME2,TIMES,SECD,SECH,RATE
DOUBLE PRECISION TIMES, TIMES

DOUBLE PRECISION TT,.OLAT,0LOG,0HT,X,Y,2

REAL COURSE,PITCM(2),ROLL(2),SEC112),SEC2,PIT,ROL,SEC3(2)
REAL DX,0Y,DZ,0FFX,0FFY,OF FZ,HEAD(2),LASEG,LOSES

INTEGER MONTH1(2),0AY1(2),YEARL(2),HOURL(2),MIN1(2)

INTEGER MONTH2Z  ,DAY2 ,YEARZ ,HOURZ ,MIN2

INTEGER MONTH3(2),0AY3(2),YEARS12),HOURS(2),MIN3(2)

INTEGER LADEG,LAMIN,LODEG,LOMIN, STDAY , NSAT

CHARACTER®S TITLE(10)

INITIALIZATION OF CONSTANTS

o000

SECH=3600.00
SECD=24 . 00nNSECH

OFFX=-4,268
OFFYs-2,958
OFF2:-9.502

READS THE TITLE FROM THE FILE

OO

READ( 30,5,END=100 )TITLE
WRITE(6,5) TITLE
READ(30,5,EHD0=100)TITLE

97

UL TR SO DO



-

NRITE(6.5) TITLE
s FORMAT( 10A8)
AEAD(30,%,END=100) MONTHZ,STOAY,YEAR2
MRITEL16»6) MONTNZ,STDAY,YEAR
6 FORMAT(///»
# ' DATE OF STARTING GPS MEEK (MONTH DAY YEAR) ',I3,I3,I8)

READS TWO SETS OF PITCH AND ROLL DATA

[a Xa N2l

READ(51,%,END=100) MONTH1(1),0AY1(1),YEARL(1),HOURL(1),MINL(1),
L SEC1I1),PTITCHE L), ROLLEL)
TIMEL=DFLOAT(DAYL(1))#SECO+DFLOAT( HOURL( 1} InSECH
L + DFLOAT(MINLI(1))560.D0+0BLE(SECLIL))

READ( 51,%,END=100) MONTH1(2),DAY1(2),YEARLE 2),WOURLL 2} ,MINLL 2),
$ SECL(2),PITCHI2),ROLLIZ)

TIME2=0FLOAT(DAYL1( 2) )nSECD+OFLOAT{ HOURL( 2 ) InSRCH
L ¢ DFLOAT(MINL1(Z))%60.00+DBLE(SECL(2))

READS TWO SETS OF COURSE

o000

READ( $2,END=100) MONTNS(1),0AY3(1),YEARS(1),HOURS(]),MINS(1),
L SEC3(1),HEAD(Y)

TIMESSOFLOATIDAYS( 1) nSECD+OFLOAT( HOURS( 1 ) )nSECH
L + OFLOAT(MINS(1)in60.00+0BLE(SECS(1))

READ($2,END=100) MONTHMI(2),0AY3(2),YEARS( 2}, HOURSS 2),MINS1 2),
L SEC3(2),NEAD(2)
TIMES=OFLOAT{DAYS( 2) )1wSECD+OFLOAT( HOURS( 2 ) }nSECH
L + DFLOATIMINS(2))#60.00+0BLE(SECS(2))
READS ONE POSITION OF THE SHIP
20 READ(SO,END=100) TT , X ,Y,Z, OLAT , DLOB , ONT , NSAT

COMPUTES THE OATE

o006 O0O0n

CALL SUB!TT,DAY2,HOURZ,MINZ,SEC2)
OAY2sDAY24STOAY

CONVERTS LATITUOE TO DEOREES MINUTES AND SECONDS
CALL OMB(OLAT,LADEG)LAMIN,LASEG)
CONVERTS LONGITUDE TG OEQREES MINUTES AND SECONDS
IN A RANBE O TO 180
IF (OL0G.9T.180.00) OLOB=360.00-0L08
CALL 0M3(OLOS,LODES,LOMIN,LOSRG!

WRITE( 6,241 LADEG,LANIN,LASEG,LODES ,LOMIN,LOBEG
26 FORMAT(' LAT, LON (DEG MIN SEC, DEG MIN SEG) ',2(216,1X,F7.4),/)

onon (2} 000 o000

TIMESSOPLOAT(DAYR }n@RCO+OF LOAT( HOURZ '#SECH
L o DFLOAT(MINE 1060 .00+08LE( SEC2)

POSITIAN IN TIME GETMESEM THE TMO SETS OF PITCH AND AOLL OATA
MO THE T™MD SETS OF COURSE DATA
25 CONTIME

POSITION TO EARLY FOR PITCH AMD ROLL DATA

aoOnNn onn

LP{TIMES.OE.TIMEL) @O TO 40
MRITE(6,30) MONTNE,DAYZ,YEARE ,NOURE ,MIN2,SEC2
30 FORMAT( ' PSN & °,12,1X,12,1X,14,1X,22,1X,X2,1X,F6.1,
% ' REJECTYROD. NO PITCN AND ROLL DATA')
@aTo 20

POSITION TO TARLY POR PITCH AND ROLL DATA
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40 CONTING
IF(TIMES.GE.TIMESG) QO TO 60
MRITE(6,50) MONTHZ,DAYZ,YEARZ,NOURZ . MINZ,SEC2
S0 PORMAT(' PSN 3 ',I2,1%,12,1X,16,1X,12,1X,12,1X,Ps.1,
$ * REJECTED. NO COURSE DATA')
GoT0 20

POSITION LATER THAN THE SECOND SET OF PITCH AND ROLL DATA

60 CONTINUE
IF(TIMES.LE.TIME2) QOTO 70

MOVES THE PITCH AND ROLL DATA TO THE FIRST SeV

MONTH1(1 )sMONTH1(2)
DAY1(1)=DAY1(2)
YEARL( 1)sYEARL(2)
HWOURL( 1 )sHOURL( 2)
MIN1(1)sMIN1(2)
SEC1(2)w88C1(2)
PITCN(1)sPITCH(Z)
ROLLIY)=ROLL( 2)
TINE1sTINER

READS A SECOND 38T OF PITCH AND ROLL DATA

READ(S1,#,END=100) MONTHL(2),0AY1(2),YEARLI2),MOURL(2),MINLL2),
L SEC1(2),PITCHI2),ROLLI2)
TIME2sOFLOATIDAY1(2) )uSECD+DFLOAT I HOURL! 2 ) }nSECH
L ¢ DFLOATIMINL(2))»60.D0+DBLE(SECLI2))
QOTO 28

POSITION LATER TMAN THE SECOND SET OF COURSE DATA

70 CONTIMUR
IF(TINES.LE.TINES) GOTO 80

MOVES THE COURSE DATA TO THE FIRST SET

MONTNE( 1 1sMONTH3( 2)
DAY3!1)=DAYS(2)
YEARS(1 )sYEARSt )
HOURS( 1 )sHOURS! 2 )
MINSI 1 )sMINS( 2)
SEC3(2)=38C3(2)
HEAD( 1 1sNEAD(2)
TIME4TINES

READS A SECOND SET OF PITCHN AND ROLL DATA

READ( S2,.END=100) MONTHSL 2),0AY312),YRARSI 2),N0URS( 2 ),MINSI2),
L SEC3(2),.M8AD1 2)

TIMESSOFLOAT( DAYSI 21 )oSECD+OF LOATI HOURS( 2) 1nSECH
L ¢ DPLOAT(MING( 211960 .00+0BLE1SRC3I2 )

eoT0 8

POSITION MITHMIN THE THMO SETS IN TIME
00 RATE=(TIMES-TIMEL )/( TINEL-TIMEL)
PITSPITCH( 1 1o (PITCHI 2 1=-PITCHI 1 ) JoRATE
ROLSAOLLI L)+ (ROLLI2)-ROLL( 1) InRATE
RATE=( TIMNES-TINEG )/( TIMES-TIMES )
COURSE SHEAD! 1 1oL HEADL 2 1-MEADC 1 ) InRATE
COMPUTS THE CORRECTIONS AND THE POSITIONS OF THE TRANSOUCER

CALL PTHIOFFX,OPFY,OFFZ,COURSE ,PIT ,ROL,0%,0Y,02)

CONPUTES THE UTM CODROINATES
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c
CALL GPUTM( LADEG, LAMIN,LASEG, LODEG , LOMIN,LOSES, YPOS ,XPOS )
c
XPOS=XPOS+OX
YPQSaYPOS+0Y
c
c CONVERTS BACK TO GF .
[
CALL UTMGP(YPOS,XPOS,LADEG, LAMIN,LASEG, LODEG, LOMIN,LOSEG )
c
c OUTPUTS THE RESULT
) c
| mTll’) MONTNZ ,0AY2,YEARZ . MOURZ ,MINZ ,3EC2,
LADEG » LAMIN,LASEG, LODEG , LOMIN, LOSES ,NSAT
c
c NRITE(6,90) MONTH2,DAY2,YEARZ ,HOURZ ,MINZ ,SEC2,
c ] LADEG , LAMIN,LASEG,LODEG , LOMIN, LOSES ,NBAT
90 FORMAT(2(1X,22),1X,16,2(1X,12),1X,F6.1,2(1X,13,1X,12,1X,F7.4),13)
c
c READS ONE MORE POSITION
QoTO 20
c
c END OF PROGRAM
c
100 CONTINUE
STOP
END
c
c SUBROUTINE PTH(XOFF,YOFF ,ZO0FF ,COURSE ,PITCH,ROLL ,0%,0V,02)
c THIS SUBROUTINE COMPUTES THE CORRECTIONS TO THE
c COOROINATES OUE TO THE OFSET OF ANTENA IN RELATION
c TO THE TRAMSOUCER
c
PISARCOS(~1.0)
ROLL =ROLL%PL/180.
PITCHSPITCHNIT/180.
COURSE sCOURSE™PL/180.
c
c CHANGE SIGNAL OF ORIGINAL DATA TO MATCH THE RIGNT MAND
c SYSTEM CONVECTION
c
ROLL=-ROLL
o
CO3SPHI= COSIAOLL)
SINPHI® SINIROLL)
COSKs= COS(COURSE )
SINK= SIN(COURSE )
COSMe COBI(PITCM)
SINMs SIN(PITCH)
c
OX = XOFF #» COBPNI » COBK +
L YOPF # ( COBM ® SINK ¢ SINN @ SINPMI » COSK ) »
] ZOPF = { SINN » SINK - COSM » SINPNI » COSK )
c
OY « YOFF # COBPNI » SINK » (-1.) ¢
L YOPF # ( COBN » COSK - SINN # SINPNI ® SINK ) o
[ ] ZOPF » ( SINM % COSK o COSNW ® SINPMI # SIMNK )
<
02 = XOPF » SINPNI -
[ ] YOPF w ( SINW # COSPNT ) o
L ZOPF » ({ COBM » COBPNI )
RETUAM
END
c
c
c
SUBROUTINE GPUTIM{ LADEG , LAMIN,LASEG,LODEG, LOMIN, LOBEE JNORTH .EAST }
c

OOUBLE PRECISION A,R,N,AP,8P.CP,0P,EP,S,R]1,ESQ,1340, R, P K0

100
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OOUBLE PRECISION R2,RI.A4.RE,P,PL,P3,P4,P5,P6,A6,08,3INSEC
OOUBLE PRECISION PHI,OLAM,NORTH,EAST,B,PHIMIN,FI,LON
REAL LASEG,LOSE0

THIS SUBACUTINE COMPUTS THE UTM COORDINATES OF 0P IN WGS 72
IN Z0NE 10 CENTRAL MERIDIAN 123 00 00 W

CHs-123.000

PHISDPLOAT( LADES ) +OFLOAT( LAMIN 1/60.00+08LE( LASES }/3600.00
- LON®OFLOAT( LOOES ) +DFLOAT( LOMIN)/60.00+0BLE LOSEG )/3600.00

LONe-LON

DLAMS( LON-CNM }#3600. 000

o000

A=6378138.000
R=298.2600

X0=0. 999600
8 = ARR-1.00)/R

N & (A-B)/(AS)

AP = AN((1.D0=-N)e¢S.D0/6.00% Nuug-Nong ) +81.D0/64 . DOR{ Nuug-Nung ) )

[ 14 3.00/2.008AR( ( N-NNZ )+7.00/8 . D0 NRGS-NNnG ) o 58 . DO/ ¢4 . DONNNSS )
[+ ] 185.00/16. DONAR( N2 -pai3eS . DO/6 . DOR( Nung-Nuag ) )

0F = 35.00/7408.00RAR| NN <-jnb+]1].D0/16 . DONMNS )

EP = 3185.00/812.000A0( Nuug -Nosg )

PHIMIN = PHINGD.DOn2. 9080020866604

PIsDARCOS! -1.00)

PHI=PHI/100.00%P)

$ & APUPHININ-SPUOSINI 2.000PNT ) «LPUOSING 4, 004PXT )
§ <= DPHOSINS 6.000PNHT )+EPRDSIN( 8. D0SPNT )
Rl = XOns

SINBEC = 11.00/34600.00)/180.0000%
SINSEC=0SINI SINSEC )

1S9 = tAnn2-Danl )/ AN
€SP s ISQ/(1.00-E3Q)
A = AR(]1.D00-E9Q)/1DSORAT( 1, 00-ESANOSING PHT Jun2 ) Juns

RO = ¢ 1.00+E90PuDCOB! PUHT Jong |
RZ = RPHOSINI PHT 120COS! PHT 19SINSECHN2/2 . DONKOn]) . 008
RS = SINSECHRASRPROSINI PHT 120COS( PHI JueS/ 24 . DO 5. DO-OTAN! PNI 1002
$ ¢+ 9.000Q3QPN0CO8( PHT 1982 +4 . DONESAPRESEPOCOS( PNT Jnnd JaKOn1 . D16
R = RPROCOB! PHI 1WSINSECHKOw] . s
RS » SINSECHnSARPRDCOS! PUT 1803/6 . 00N 1. D0-0TANI PHT Jun2
$ o ESAPROCOBIPHI Jnu2 19KOm] . D12

P 3 .000100%0LAM
P2 s pun2
P3 = panl
s pang
a
]

4

pung
[ ]

& 232

» PHEEINBECHRGARPUDSING PHI 1#0COS( PN] 10ng/720. D0
[ ] ® (61.00-88.0000TANI PHT 1002 +DTANIPH] 1004
9 + 270.000E3QP%0COB! PNE 1on2-330 . CONESAPROSING PHT 1062 )uKOn] . D26
88 = PENSINSECHNEAAPRRCOR! PHI 1ong/120.0001 8. D0-18. DOSOTAN( PH] juag
9 o DTANIPHL 1006016 . DOSESRPAOCOB | PHT J0nd
] « $8.00%C2QPSDSINI PHI Inng 1aKkOn) . 020
NORTHSARL +RZ0P L R3MPGAS
CAST =i RenP +RSHPS +B8 ) 0500000 .00
RETURN
(]

-

SUBROUTINE UTHMBP(NORTN,EAST . LADEG, LAMIN,LASEG,LODEG . LOMNIN, LOSES )
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OOUBLE PRECISION A,R,N,B8, BP,CP,0P,EP,S,R1,ESQ,ESQP,RM,RP ,KO
DOUBLE PRECISION R7,R8,R9,£5,Q,02,Q3,84,Q5,86,06,AP,SINSEC
DOUBLE PRECISION R10,DLAM,NORTH,EAST ,RPHI ,OPHI ,PHIMIN
DOUBLE PRECISION EPRIME,ODELTA,D6NUM,CM,PNI,LON,PI

REAL LASEG,LOSEG

THIS SUBROUT:NE COMPUTS THE UTM COORDINATES OF GP IN NGS 72
IN Z20NE 10 CENTRAL MERIDIAN 123 00 00 W

CMs-123.000

o 000600

A=6378135.000
R=298.2600

(2]

KO=0. 999600

PIsDARCOS(-1.00)
8 = A#(R-1.00)/R

N = (A-B)/(AS)

AP 8 AR((1.D0~N1¢8.00/¢.D08( Nuu2-NnaS ) +81.00/66 . 00 Nuug -Nuug ) )

BP 3 3.00/2.D00A%( (N-Nwu2)+7,.00/8.00%( NS -Nuis ) ¢85 . DO/ 64 . DOuNung )
CP = 15.00/16.006An( Nung~-Nuu3 03 . D0/6 . D0R( NRIG-NenS } )

DP 3 35.D0/48.00uA%( NuaZ-Nwugesll,.00/16 . D0uNwaS )

EP = 318.00/512.008A8( Noad-Nan§ )

FIRST APROXIMATION OF PMI
PHISNORTH/30.800/3600 .00
COMPUT TRUE MERIDIONAL OIST AND APROXIMATE PHI

oON0n 000

00 100 I=1.,8
PHIMINSPHINGD . 0062 . 308882086660 -4
RPHI=PHI/180.00%01 -
S = APSPHIMIN-SPHOSINI 2. DOWRPHI ) ¢CPROSING &. DOMRPHI )
L ~DPROSINI 6. DOWRPHI ) +EPHOSING §.00WRPNL )
Rl = KQOwg
OELTASNORTH-R1
PHI=(DELTA/30.8/3600. )+PNI
100 CONTINVE
RPHI=PHI/180.0008

SINSEC = (1.00/360000)/180.000P2
SINSEC = DSINGSINSEC)

€3Q » (Asng-Puatg)/Anel
ESQP = ESA/(1.00-E3Q)
RM 2 A®(1.00-£30)/109ORT( 1.00-ESQNOSIN RPUT Jun? ) jual

RP = M 1. 00+E3QPEOCOB! RPUT Jual )

R7=(OTANI RPUI )/ 2. 00sRPHu2RSINSEC ) 18 1. DO +ESAPROCOB! RPH] uaZ )
L #1.012/X0wng

ROS( OTANI RPHI )/( 26 . DOWRPEu4RSINSEC ) )5( §.0003 . DOSOTANI RPN 1002
$  +6.000090P«0COB! RPNHI 1uu2 -6 . DOSESAPROSINI RPUI Jau2 -3 . DONESQPaal
$  9PCOB(RPUT [nud -9 . DOSESAPan2#0COS( RPHT juaRuSINI RPHI Jend )
9 #1.020/K0Owme

R9=1.00/0C08! RPNT )/ RPESINSLC 11 .06/X0

R1021.00/0CC8( APNHI )/ ( 6 . D00RPuuIuSINSEC 10( 1.00¢2. DORDT AN RPH] uu?
s +ESQPDCOBI APNT 1nag j0). D18/XOna]

EPRIME *EAST -$00000. D0
Q = .00000100%¢PRIME
Q2
3
U
Qs

Quag
Ques
Ques
Quag




ket

Q6 = Gené
DONMEQEHOTAN( RPHI )
‘ D631 D6MUM 1/( 720 . DONRPR®ENSINSEC J#( 61.D0+90 . DOXOTAN( RPHT 1un2
\ $  +45.DONOTANI RPHI )G +107 . DORESQPHDCOS! RPN J#%2
‘ $  <162.00NESQPUOSIN( RPHL 1n#2-45, DONESQPROTANI RPHY Jun2
‘ $  wOSIN(RPHI JenZ 1n1,D36/KOneé
E5s(QSn].00/0COS! RPHI ) )/( 120 . DONRPIRSNSINSEC J#( 5. 004+28.00
¢  #DTAN(RPHI )#i2¢24 . DORDTAN( RPHI )G +6 . DOXESQAPHOCOS( RPHI )%n2
S +8.DONESGPHOSING RPHI 102 1%1,D30/KONS

- OPHI=( -R7#Q2+RONQ4-06 )/3600.00
DLAM=(R9%Q-R10#Q3+£5)/3600.00
PHI=PHI +OPHI

LON2CM+DLAM

CALL DMS(PNI,LADEG,LAMIN,LASEG)
CALL OMS(LON,LODEG,LOMIN,LOSEG)
RETURN

END

SUBROUTINE OMS(DEC,LDEG,MIN,SEC)
DOUBLE PRECISION DEC,XNUM,XMIN

SXNUM=DABS( DEC)

LOEG=0INT ( XNUM)

XMIN=( XNUM-OFLOAT( LDEG ) )%60.D0
MINSDINT( XMIN)

XNUMz( XMIN-DFLOAT(MIN) )#60.00
SECESNGL ( XNUM)

IF (LDEG.GE.360) LDEG=LDEG-360
RETURN

END

SUBROUTINE SUB(TT,DAY,HOUR,MIN,SEC )
INTEGER DAY, MOUR, MIN
OOUBLE PRECISION TIME,TT
REAL SEC
TIME=TT
DAY = DINTI(TIME / (26.00%3600.00))
- TIME = TIME ~ DFLOAT(DAY) # 24.00 » 3600.00
HOUR = OINT(TIME / 3600.D00)
TIME = TIME - OFLOATIMOUR) » 3600.00
MIN = DINT(TIME / 60.00)
TIME = TIME - DFLOATIMIN) # 60.00
SEC = SNGLITIME)
RETURN
END
/%
7/60.FT06F001 DD SYSOUT=n
/760 .FTO7F001 DD DOSN=MSS.S0812.GPS.TRANSDUC.POS ,0ISPsSHR
//GO.FT3QF001 DD DOSN=MSS.S0812.CVOATA,DISP=SHR
//GO.FTS50F001 DO DSN=MSS.S0812.GPS.ANTENNA.POS,DISP=SHR
//G0.FTS1F001 DD DSN=MSS.S0812.PITROLL.DISP=SHR

/7/7Q0.FTS52F001 DO OSNsMSS.S$0812.SDAS.COURSE ,0ISPSHR
V{4
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APPENDIX G
PROGRAM COMPARE POSITION. SOURCE LISTING

/7/JOBCOMPA JOB (0812,9999), 'EZEQUIEL ' ,CLASSsC
//79MAIN ORGaNPGVM1 . 0812P,LINES=( 99),CARDS 5L 99)
//%FORMAT PR,00NAME=GO.FT06F001,

//%DEST=NPGBACH

V4

EXEC FORTVCLG

//FORT . SYSIN 00 =

[~
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
[~
c
c
c
c
c
c
c
c
c

PROGRAM COMPARE POSITION

AUTHOR: AUGUSTO EZEQUIEL
DATE: MARCH 27, 1987

DESCRIPTION:

THIS PROGRAMS TAKES EACH GPS POSITION , FINDS THE
CORRESPONDING POSITION USING THE MR FALCON, COMPUTES THE
X» Y ANO RADIAL OIFFERENCES ANO PRINTS THE DATE TIME TAG
GEOGRAPHIC POSITIONS AND OIFFERENCES. THIS PROGRAM READS
THE PERIODS TO COMPARE THE DATA FROM A SEPARATE FILE.

THE PROGRAM RUNS IN MVS
1/0 SPECIFICATIONS: SEE END OF THIS JOS.

THIS PROGRAM IS RESTRICT AS IS TO THE SEAFLOOR SENCHMARK
EXPERIMENT

THE PROGRAM WILL RUN WITH ANY AMOUNT OF DATA ONLY LIMITED TO DISK
SPACE

ANY BLANK LINES WILL TERMINATE THE PROGRAM IN ERROR

DOUBLE PRECISION XPOS(3),YPOS(3),TIME(5),SECD,SECH,RATE
DOUBLE PRECISION DIFX,DIFY,DIST,XNEW,YNEW

REAL SEC(5),LASEG(3),LOSEGI3)

INTEGER MONTH(5),DAY(5),YEAR(S),HOUR(S },MIN(§),NSAT

INTEGER LADEG(3),LAMINI(3),L00EG(3),LOMIN(3),LINE,LOOP, INDEX

INITIALIZATION OF CONSTANTS
SECN=3600.00
SECD=24.DONSECH
OIFX=0.0
DIFY=0.0
0187=0.0
INPUTS THE NABER OF PERIOOS TO COMPARE THE DATA
READ( 28,%,END=100) LOOP
LOOP OF THE PROGRAM TO THE NUMBER OF TIMES DESIRED
DO 1000 INDEX = 1, LOOP
LINE =60
REWIND( 30)
REWIND( 50)

READ( 28,%,END=100) MONTH(G),DAY(4),YEAR(SG);HOUR( & ) ,MIN(&},SEC(&)
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o000 o0

o0 0000 o000

anon

o000

o000 oo OO0

Cn

Iy L

$ ,MONTH(S5),DAY{S5),YEAR(5),HOUR(5),MIN(5]),SEC(5)
STARTING TIME

TIME(4 )=DFLOAT(DAY (4 ) INSECD+OFLOAT( HOUR( %) )¥SECH
$ ¢+ DFLOAT(MINI( &) )#60.D0+DBLE(SEC(4))

ENDING TIME

TIME(S5)30FLOAT(DAY(5) ISECO+DFLOAT( HOUR( 5 ) InSECH
L + DFLOATI(MIN(5))%60.D0+0BLE(SEC(5))

READS TWO MR FALCON POSITIONS
10 READ(30,ENO=100) MONTH(1),DAY(1),YEAR(]),HOUR(1),MINt1),SEC(1),

$ LABEG(11),LAMIN(1),LASEG(1),LODEGI1),LOMIN(]1),LOSEG(L)
TIME(1)20FLOAT(DAYI( 1) )#SECO+DFLOAT (HOUR( 1) )%SECH
s + OFLOAT(MIN(1))%60.D00+DBLE(SEC(1))

POSITIONS THE FIRST POSITION INSIDE THE PERIOD. THE REST, OF THE
PROGRAM WILL ADJUST BY IT SELF

IF( TIME(1).LT.TIME(4]) ) GO TO 10

READ(30,END=100) MONTH(2),DAY(2),YEAR(2),HOUR(2),MIN(2),SEC(2),

$ LADEG( 2),LAMIN(2),LASEG(2),L0DEG(2),LOMIN(2),LOSEGI2)
TIME( 2 )=OFLOATIDAY(2))SECD+DFLOAT( HOUR( 2 ) IRSECH
L ¢ DFLOAT(MIN(2))%60.D0+DBLE(SEC(2))

COMPUTES THE UTM COORDINATES
CALL GPUTM!LADEG(1),LAMIN(]),LASEG(1),L00EG(1),LOMIN(L1),LOSEG(1),

$ YPOS11),XPOS(1})
CALL GPUTM(LADEG!2),LAMINt2Z),LASEG(2),LO0EG(2),LOMIN(2),L0SEG(2),
$ YPQS(2),XPOS(2))

READS GPS POSITION OF THE SHIP
20 READ(50,END=100) MONTH(3),DAY(3),YEAR(3),HOUR(3 ),MIN(3),SEC(3],

s LADEG(3),LAMIN(3),LASEGI3),LO0EG(3),LOMIN(3),LOSEG( 3 ),NSAT
CALL GPUTM(LADEG(3),LAMINI(3),LASEG(3),LO0EG(3),LOMINI(3},LOSEG(3),
$ YPOS(3),XPOS(3))

TIME(3)=OFLOAT(DAY(3))#SECO+DFLOAT( HOUR( 3 ) 1#SECH
$ + DFLOATI(MIN(3))#60.DO+DBLE(SEC(3))

POSITION OUTSIDE OF THE PERIOD
PROGRAM WILL PICK ANOTHER PERIOD

IFt TIME(3).GT.TIME(S) ) GO TO 1000
POSITION IN TIME BETNEEN THE TWO MR FALCON POSITIONS
25 CONTINE
POSITION TO EARLY FOR MR FALCON DATA

IF(TIME(3).GE.TIME(1)) GO TO 40
WRITE(6,30) MONTH(3),0AY(3),YEARI3),HOURI3),MINI3),SEC(3)

C» 30 FORMAT(' GPS PSN 9 ',I2,1X,12,1X,14,1X,12,1X,12,1X,F4.1,

(4 ]

(4
4
c

a0

¢ * REJECTED. NO MR FALCON DATA')
GOTQ 20

POSITION LATER TMAN THE SECOND MR FALCON POSITION

%0 CONTINUE
IFITIME(3).LE.TIME(2)) GOTO 70

MOVES THE SECOND MR FALCON POSITION TO THE FIRST SET
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MONTH( 1 )=MONTH( 2)
DAY(1)30AY(2)
YEAR( 1)=YEAR( 2)
HOUR( 1 }=HOUR( 2)
MIN(1)sMINC2)
SEC12)sSECL 2)
TIME(1)=TIME(2)
LADEG(1)=LADEG(2) -
LAMIN(1 )=LAMIN( 2)
LASEG(1)=LASEGI 2)
YPOS(1)=YPOS( 2)
LODEG! 1 )=LODEG( 2)
LOMIN( 1 )=LOMIN( 2)
LOSEG( 1 )=LOSEG( 2)
XPOS(1)3XPQS(2}

READS A SECOND SET OF MR FALCON DATA

[s X e Nz]

READ( 30,END=100) MONTH(2),DAY(2),YEAR(2),HOURS 2),MIN(2),SECI2),
L LADEG( 21 ,LAMIN( 2),LASEGt2),L0DEG(2),LOMINIL 2),LO0SEG(2)
TIME(21=0FLOAT(DAY( 2) INSECD+DFLOAT{ HOURL 2 ) IXSECH
s ¢ OFLOAT(MIN(2))%60.00+DBLE(SEC(2))
CALL GPUTM(LADEG(2),LAMIN(2),LASEG(2),LODEG(2),LOMIN(2),LOSEG(2),
] YPOS(2),XPOS(2))
GOTO 25

GPS POSITION WITHIN THE TWO MR FALCON POSITIONS
70 RATE=(TIME(3)-TIME(1))/(TIME(2)-TIME(1))

(2] OO0

XNENZXPOS( 1)+ XPOS( 2)-XPOS( 1) )¥RATE
YNEW=YPOS(1)+«(YPOS(2)-YPOS(1) I%RATE

(4]

DIFX=XPOS(3 )-XNEW
DIFY=YPOS(3)-YNEW
DIST=DSQRTIDIFXa#2+DIFY#N2)

OUTPUTS THE RESULT

ooOo0O0n

IF (LINE.LT.60) GO TQO 85
WRITE(6,80)
80 FORMAT(1H1,/,17X,'DIFFERENCES BETWEEN GPS AND MR FALCON POSITIONS'
$ »//,29%, AVOIDING SVil' ’
$ »/7,64X, 'DATE ' ,6X, 'TIME ' ,09%, ' LATITUDE*,7X, 'LONGITUDE",
$ 12X, ' (METERS)',9%,'8',/,2X, 'M',2X,'D',1X, 'YEAR',1X, 'HH',
$ 1X,'M',1X,'SS.5',2%,'0D0"',1X, 'M1',1X, 'SS.S8SS"',3X, '00D',1X,
$ 'MM',1X,'SS.558S " ,5%, DX’ ,5%,'0Y"*,8X, 'DIST. ',1X, 'SAT.',/)
LINE=0
85 LINEsLINE+]
WRITE(6,90) MONTH(3),DAY(3),YEAR(3),HOUR(3),MIN(3),SEC(3),
s LADEG(3),LAMIN(3),LASEG(3),LO0DEG(3),LOMIN(3),LO0SEG(3),
] DIFX,DIFY,0IST,NSAT
90 FORMATI211X,32),1X,14,1X,12,1X:12,1X,F6.1,1X,13,1X,I12,1X,F7.%,
$ ' N'IX,I3,1%,12,1X,F7.9,' W',1X,F6.2,1X,F6.2,1X,F7.2,1X,12)

READS ONE MORE POSITION
GoTO 20

END OF PROGRAM

o000 o0

1000 CONTINUE
100 CONTINUE
sTOP
ENO

SUBROUTINE GPUTM{LADEG,LAMIN,LASEG,LODEG, LOMIN, LOSEG ,NORTH,EAST )
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OO0

DOUBLE PRECISION A,R,N,AP,BP,CP,DP,EP,S,R1,ESQ,ESQP,RM,RP,KOD
DOUBLE PRECISION R2,R3,R4,RS,P,P2,P3,P4,P5,P6,A6,85,SINSEC
DOUBLE PRECISION PHI,OLAM,NORTH,EAST,B,PHIMIN,PI,LON

INTEGER LADEG,LAMIN,LODEG,LOMIN

REAL LASEG,LQOSEG

THIS SUBROUTINE COMPUTS THE UTM COORDINATES OF GP IN WGS 72
IN ZONE 10 CENTRAL MERIDIAN 123 00 00 W

CM=z-123.000

PHI=DFLOAT(LADEG )+DFLOAT(LAMIN)/60.00+0BLE(LASEG })/3600.00
LON=DFLOAT! LODEG )+DFLOAT( LOMIN)/60.00+DBLE( LOSEG )/3600.00
LON=-LON

OLAM=( LON-CM }%3600.000

A=6378135.000
R2298.26D0

K0=0.999600
B = Ax({R-1.00)/R

N = (A-B)/(A+B)
AP 3 AN((1.00-N1+5.00/%.D0%(Nt#2-Nw3 ) +81.00/64 . DO Nl - N5 ) )

(2]
h -]
L I ]

15.00/16.D0%A%( N%%2-Ne3+3 . D0/4G . DO%( NG -Nx5 ) )
35.00/48. 00%A®( N3 -NunG+11.00/16 . DOMNNRS )
315.D00/512.D0O%A%( N¥#G-N¥x%5 )

PHIMIN = PHI®60.D0%2.908882086660-4%

m
hJ
L]

PI=DARCOS(-1.D00)

PHI=PHI/180.D0%PT

S = APXPHIMIN-BPXDSIN{ 2.DOXPHI )+CPROSIN(4.DOXPHI)
$ - DP#OSIN(6.00%PHI J+EPRDSINIS.DONPHI )
R1 = KOxS

SINSEC = (1.00/3600.D0)/180.00%PT
SINSEC=DSINISINSEC)

ESQ = (AMN2-B¥k2 )/Ann2
ESQP = ESQ/11.D0-ESQ)
RM = A%{1.D0-ESQ)/(DSQRT(1.D0-ESQAHDSIN(PHI )2 ) jan3

RP = RMxt 1.DO+ESQPROCOSIPHI 1#%2)

R2 = RP*DSIN(PHI I#DCOS(PHY INSINSECH®2/2.D0ONK0O*1.008

R3 = SINSECHGHRPXOSIN( PHI )#0COS(PHI )#%3/26.00%( 5. D0~-DTAN(PHT )%x2
$ + 9.DOXESQPH#DCOS( PHI 1244 DONESAPRESQP%OCOS( PHI 13k )WKON1 . D16

R4 = RP*DCOS{PHI )nSINSECRKOx»1.04

R5 3 SINSECH#INRP#DCOS(PHI 13#3/6.00%(1.00-0TAN(PHT Jun2
$ + ESQP®DCOS(PHI Inx2 )»KQx1.D012

P = .0001DO®DLAM

P2 = Pwn2
P3 = Pwn3
PG = Pund
P5 = PwxS
P6 = Puié

A6 3 PENSINSECH®ENRPHDSIN( PHI 1#DCOS( PHI 1#%5/720.00

$ % (61.00-58.00%0TAN(PHT 1#%2+40TAN( PHI 1ndr
$ + 270.DOXESQP%OCOS(PHI 1##2-330.DO*ESQPROSINI PHI 1#n2 )nKO#1 . D24

B5 = PS%SINSECHNSHRP#DCOS(PHI 1#%5/120.00%(5.00~18. 00%DTAN( PH] %2

$  + DTANIPHI J#nG+14. DORESQPHDCOS( PHI w52
$ -~ 58.00%ESQP®DSIN(PHI }##2 )#K0x1.020

NORTH=R1+R2#P2 +RINPGIAG
EAST=(R4#P+ASXP3+85)+500000.00
RETURN

END

3.00/2.00%A%( (N=N*%#2)+7.D0/8. DO NanZ N4 ) +55.00/6% . DO#N#%S )

SRR
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//G0.FT06F001 DD SYSOUTs»

//G0.FT25F0G1 0D OSN
//GQ.FT30F0Q1 0O OSN
//G0.FT50F001 DD OSN
7/

&MSS.S0812. PERIOOS . COMPARE,
*MSS.S0812. FALCON. TRANSDUC .
*MSS.S0812.GPS. TRANSOUC . POS
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‘ APPENDIX H
PROGRAM COMPARE PLOT. SOURCE LISTING

//E2EQUIEL JOB {0812,9999), 'EZEQUIEL',CLASS3C
// EXEC FRTVCLGP

//FQRT.SYSIN 00 =

PROGRAM COMPARE PLOT

RUNS IN FORTRAN VS

AUTHOR: AUGUSTO EZEQUIEL

OATE : 31 MARCH 1987

THIS PROGRAM MAKES A PLOT OF THE POSITIONS OF THE SHIP
USING GPS AND MR FALCON POSITIONS OF THE TRANSOUCER

(s N N N e NeNe N NeNeNa N Na¥y)

ODOUBLE PRECISION XPOS,YPOS,XLEFT,YLEFT,TIME(4),SECD,SECH
REAL SEC(3),XPLT,YPLY,BLXH,BLYN,SCALE,VALUE,LASEG,LOSEG
REAL YORG,XORG

INTSGER MONTH(3),YEAR(3),0AY(3),HOUR(S ),MIN(3)

INTEGER IPEN,LADEG,LAMIN,LODEG,LOMIN

INTEGER 10,LO00P,INDEX

DIMENSIONS OF SHEET, LEFT CORNER AND SCALES

o000

BLXH=15.
BLYH=20.5
SCALE=l./5000.
XORG=0.0
YORG=-25.0

INITIALIZATION OF CONSTANTS

o000

TIME(4)=0.00
SECH=23600.00
. SECD224.D0%SECH

PLOTTER INITIALIZATION
CALL PLOTS (0,0,0)
READS THE AMOUNT OQF PERIOOS TO COMPARE
READ(30,#) LOOP
DO 100 INDEX=1,LO0P
READS THE PERIOOS AND INFERIOR LEFT CORNER OF EACH AREA

OO O 000 o000

READ(30,%#) MONTH(1),DAY(1),YEAR(1),HOUR(1),MIN(1),SEC(1]
$ ,MONTH(2),DAY(2),YEAR(2),HOUR(2),MIN(2),SEC(2), XLEFT,YLEFT

STARTING TIME

ono

TIME(1)20FLOAT{DAY 1) #SECD+DFLOAT I HOUR! 1) )%SECH
$ + DFLOATIMIN(1))»60.DO+DBLE(SEC(1)]}

ENDING TIME

o000

TIME(2)2OFLOAT(DAY(2) }#SECD+DFLOAT(HOUR( 2 ) )#SECH
4 + DFLOAT(MIN(2))%60.D0+DBLE(SECI(2))
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w —s.

POSITIONS THE PEN IN THE ORIGIN

aoanon

YORG=-YORG

XORG®2S, 0%(1-( -1 )##INDEX)/2
TFCINDEX.€EQ.2! XORG=0

CALL PLOT (XORG,YORG,-3)

GRID

o000

CALL PLOT (0.1,0.1,3)
CALL PLOT (0.1,BLYH-0.1,2)
CALL PLOT (BLXH-0.1,BLYH-0.1,2)
CALL PLOT (BLXN-0.1,0.1,2)
CALL PLOT (0.1,0.1,2)
SCALE
CALL METER(SCALE}
TITLE
CALL SYMBOL(08.1,19.2,0.20,29HSEAFLOOR BENCHMARK EXPERIMENT,0.,29)
CALL SYMBOL(08.1,18.8,0.20,29% PHASE II »0.,29)
CALL SYMBOL(08.1,18.4,0.20,29 16 AUGUST 1986 »0.,29)

CALL SYMBOL(08.1,18.0,0.20,294AVOIDING SV11l. NO CONSTRAIN ,0.,29)

[ JE 2 ] 0o O 000 000

CALL SYMBOL101.0,03.375,0.15,3,0.,-1)
CALL SYMBOL(1.20,03.3,0.15,294MR FALCON TRANDUCER POSITIONS,0.,29)

(4]

CALL SYMBOL(01.0,03.075,0.15,11,0.,-1)
CALL SYMBOL(1.20,03.0,0.15,294GPS TRANDUCER POSITIONS 1»0.,2%)

SETS SYMBOL FOR MINI RANGER POSITIONS
ISNs3
REWINDS THE FILES

o000 o000

REWIND(31)
REWIND(32)

LOOP FOR THE TYPES OF POSITION
00 80 I10=31,32
SETS PEN UP
IPEN=3
LOOP WITHIN ONE TYPE OF POSITION
10 CONTING
READ THE DATA

onon o0 000 000

READ(I0,END=50 )IMONTH(3),0AY(3),YEARI31,HOUR(3),
$ MIN(3),SEC(3),LADEG,LAMIN,LASEG,LODEG,LOMIN,LOSEG

COMPUTES THE UTM COOROINATES
CALL GPUTM(LADEG,LAMIN,LASEG,LODEG,LOMIN,LOSEG,YPOS,XPOS )
COMPUTES THE TIME IN SECS

o000 000

TIME(3)3OFLOAT(DAY(3 ) IRSECO+DFLOAT( HOUR( 3 ) }#SECH
$ ¢ OFLOAT(MIN(3))%60.DO+DBLE(SECI3))
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TESTS IF MITHIN THE PERIOD

IF(TIME(3).GT.TINEI2)) GOTO 50
IF(TIMEIZ).LY.TINE(1)) QOTO 10

o000

COMPUTES THE PLOTTER COORDINATES

aOnn

XPLY={ XPOS-XLEPT ISCALE#100.
YPLT=(YPOS-YLEFT 1nSCALE*100 .

TESTE IF INSIDE AREA

Oo0n

. IF(XPLT.LT.0.) GOTO 30 -
IFIYPLT.LT.0.) GOTO 30 &
IF(XPLT.QT.8L0M) GOTO 30
IFLYPLT.CT.BLYN) GOTO S0

00N

TESTS IF POSITIONS ARE AMAY MORE THEN 10 sEcs IN TIME

i
I'lTIMl!)-TZK(C).G‘l’.!O.Nl IPENeS -
TIME(G)sTIMECS )

PLOTS THE POSITION

OO0

CALL PLOT(XBLT,YPLT,IPEN) )
IPEN=2

L)
PLOTS THE TIME EVERY MINUTE ‘

OoOOn

IF(IFIX(SEC(3)).67.0) 90 T0 10 J
VALUE=FLOAT( HOUR( S ) J*100+FLOATIMIN(S ) )

)
CalL Wll’X’LT‘O.B.VPL‘NO.U-O.U,VAMI 20.,-1)

CcalL SV’.QI.(”LI'NPLT-O.“:ISN.O.,-l)
GOTC 10

L3
¢ PEN UP NMILE THg POSITIONS ARE OUT OF T SHERT
c

30 IPENsy -
GOTO 10

‘l
END OF pPLOT ¢
S0 CONTINUE

ISn=11
IPENs3
80 CONTINUE ¢
100 CoNTINUE
CALL PLOT(0.,0.,+999)
STOP s
END

KBAOUTINE METER(ICALE )

X0s2.0
YOul.0
CALL PLOT(XD,Y0,-~3)

00 10 Jw1,12 :
XPx FLOAT(J)-1.0
CALL PLOT(XP,0.0,3)
CALL PLOT(XP,0.28,2)
10 CONTINUE

o aT00
-

-~

e e

{

: D0 20 J=1,9

d XP=FLOAT( J1n9.1
CALL PLOT(XP,0.0.3)
CALL PLOTIXP,0.2,2)

-
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20 CONTINR
¢
CALL PLOT(O.,0.0,3)
CALL PLOTI11.,0.,2!
caLL MOovie.,0.2,3)
CALL MOTI11.,.2,2)
(4
VALUR®]l./8CALE/100.
CALL MUPDER! -0.28,0.27,0.15,VALLE,0.0,-1)
CALL mllo.”.0.27&.“.0.0.0.0._1l
VALUR®S.0/3CALE/100.
CALL NAMOER(S.778,0.27,0.18,VALUE,0.0,-1)
VALUE=10.0/3CALE/100.
CALL NMUIDER(10.7,0.27,0.15,VALIR,0.0,~))
CALL SYIDOL(5.5,-0.28,.15,60TERS,0.0,4)
4
CALL SY™MPOL(10.0,12.0,1.5,62,0.0,-1)
CALL SY'DOL(10.1,12.4,0.2,88,0.0,-11
¥0s=-%0
Y0s-¥0
CALL PLOT(XD,Y0,-3)
Cc
RETURN
END
c
[+
SBDACUTINE GPUTM( LADEG , LAMIN,LASEG,LODES , LOMIN, LOBEG ,NORTNH , EAST )
c
OOUBLE PRECISION AR .N,AP,BP,CP.0P,EP.8,R1,800,E00P, 1, RP KO
OOUBLE PRECISION AZ,R3,A,RE,P,P2.P3,P6,P5,06,46,08,3INSEC
OOUBLE PRECISION PHI,DLAMN,NORTH,EAST 8, PMIMIN,PI ,LON
REAL LASES,LOSEG
[+
c THIS SUBROUTINE COMPUTS TNE UTH COOROINATES OF OF IN MO8 72
(< IN Z0ME 10 CENTRAL MERIOIAN 123 00 00 W
c
CiHe-123.000
PHI=OFLOAT( LADES ) oDFLOAT( LAMNIN )/60.00+08LE( LASEG )/3600.00
LON=OFLOAT( LODES ) »OFLOAT( LOMIN 1/60 . DO+0BLE( LOSEG ) /3600 .00
LON=-LON
OLAM=( LON-CM 53600 . 000
[
A%6378138.000
Re298.2600
C
KOs0. 99900
[ 4
8 » ARIR-1.00)/R
C
N = (A-B)i/iAW)
AP s AN (]1.00-N)¢8.00/4. 000 NBUL-MDaT 1081 .00/64 . 000 NRUG -NIRE ) )
P = 3.00/2.000AB( IN-NNSZ)+7.00/8. 008 NunS-Nuns ) ¢85 . 00/64 . DONNRES )
CP = 15.0016.000A8 a2 -pnnSel. 00/6 . 00R( Nug -Nong ) |
DP = 35.00/7608.00nAR( NRaS -Nnudell . 00/16 . DOnNNNE )
EP = 315.00/812.DONAN! NuuG w0 )
PHTIEN = PHINGQ.00RE . 908082006660 -¢
[
PI0ARCOS( -1.00)
[
PHISPHI/ 180 . 00001
c
S = APRPHININ-DPROSINI 2. 000PNT ) +CPUDSINI & . DORPNHI )
$ - OPNBBING 6.00WPKHT )+EPRDSINI 8. D0WPNH] )
R} = KOwg
c
SINGEC * 11.00/3600.00)/180.008P)
SINSEC *08IN SINSEC )
[

90 = | ABn2-daal )/ aAne?
9GP » E3Q/11.00-83Q)




(—'

A s An(1.00-E301/(3SART( 1.00-EIANOTINI PUT 1002 ) Jung

RP s I ). 00+E90PNOCOS! PHT Yue2 )
RE = RPHOGING PHT 1uOCOB( PHI 12SINSECHNZ/2 . DOMION] . 008
R3 s SINBECHNGARPaDSINI PHT 180COB! PNT 1903/26 . DOR( §. DO-OTANI PH] Jun2
§ ¢ 9. DONESEPNOCOS!( PHT 102 ok . DONESQPRESAPROCOS( PHI Innd JugOn] . D16
N = APROCOS( PHI MSINSECHKOn] . D&
RS = SINBECH3IuRPs0COS( PNT 1w03/6.000( 1 . D0-DTANI PHT Juu2
[ ] + ESQAPROCOS! PN] Jonl aKOn1.012

P s . 00010080LAN
P2 = Pun
P3 = Punl
Po = Pang
PSS = Puns
- Pé6 = Puné

A6 = PLHIINGECHRGHRPROSINI PHT 1SOCOR( PHT 1#08/720.00
9 % (61.00-858.0000TANI PNT 1an2 0T ANI PNI tune
8§ ¢ 270.00%ESQPHOCOB!( PHT Jan2~530. 00nESAPSOSINI PHI Jnug JeKOunl . D2¢
03 * PSaSINSECHSSARPROCOS! PUT 12n8/120.00m1 §.D0-18.DORDTANI PHI inug
¢+ DTAN(PNHY inutelh . DONESQPDCOS! PHT (40
9 - 58.D0#ESQPaDSINI PRI jund )axOw].020
NORTHSR]1 +RZWP2 +RINPG4AS
EAST=( ROnP +RE#PT 485 ) 500000 . 00
RETURN
END
7%
/7/700.PLOTPARN DD =
SPLOT YXOMIN®O. ,200UX2300. , YMINGO . , YMAXsS]. ,SCALE®]. ,UNITS=2.840 AEND
/77G0.FT06F001 DO SYSOUTa»
/7/760.FT30F001 DO OSNMES.30812.PERIODS.COMPARE ,01ISPsSHR
//7G0.FYI1F001 DD DSN=M3S.30812.FALCON. TRANSOUC . POS , DISP=SHR
//G0.FT32F001 DD DSN=MSS.S0812.GPS. TRANSDUC.POS,DISP=SHR
V4
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APPENDIX |
CONTROL FILE FOR KALMN2 PROGRAM. AS DEFINED BY
BROW N(1986)
$85590. 700000. 1 ] 10 4 1 1 00090

0 -2740.506 -4341.136 3772.0820 .8738El1 0.0 -3.0 0.0
6378.135 298.26
1.01.0 1.0 1.E-12 2.1 1.E~-14 1.E-50 1.E-50 1.E-50 3.0 4.0 S.0
1 0 1 0 0 0 0 1 0 0
9.000005 0.0

1 1 0 0 0 0 1 0 1
980. 15. 75. 10.
0.75E-4 .75E-4 .7SE-4 .1E-4 1.0 1.0 1.0 2.0 ,.1E-03 .lE-04
1.01.01.01.01.0 1.0 1.E~19 1.E-19 l.E-19
-.031




N

APPENDIX J
CONTROL FILE FOR CVFICA PROGRAM.

The first two lines mav have a title up to 80 columns. The third hine has the
month dayv and sear of the starung dayv of the GPS week. The fourth line has the
number of satellites to be used, and other two constants are kept at zero. The iast iine
has the esumate position in WGS ~2 coordinates.

The next is the one used for this thes:s:

SEAFLOOR BENCH MARK PHASE II
R V POINT SUR 16 ALGUST 1986
8 10 1986
4 0. 0
-2739.58 -4340.77 377314




(“vf -

CONTROL FILE FOR COMPARE POSITION AND PLOT PROGRAMS

The first lines has the number of periods to compare the data. This line must be
followed by the same number of lines as peniods are to compare. Each line the date
time tags from the start and of the periods has the left inferior corner of the area

APPENDIX K

corresponding to each period.

The next is the one used for this thesis:

M

816 1986 19 14 0.0
316 1986 19 20 0.0
816198619 250.0
816 1986 19 530 0.0
8161986193500
S 161986 19 47 0.0
316 1986 19 57 0.0
8161986 2007 0.0
8161986 2013 0.0
$ 16 1986 20 20 0.0
$ 16 1986 20 30 0.0

8 16 1986 19 20 3.0 567320.0 4038400.0
816 1986 19 25 3.0 566920.0 3039000.0
8 16 1986 19 30 3.0 566670.0 4039600.0
816 1986 19 35 3.0 566270.0 4040200.0
8 16 1986 19 40 3.0 566020.0 3040800.0
8 16 1986 19 53 3.0 564920.0 4040950.0
8 16 1986 20 05 5.0 364970.0 4040200.0
8 16 1986 20 13 3.0 565570.0 4039500.0
8 16 1986 20 20 3.0 566020.0 4039000.0
8 16 1986 20 25 3.0 566420.0 4038500.0
8 16 1986 20 37 3.0 563983.0 4038400.0
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